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0 1 .O I N T R O D U C T I O N  

T h i s  r e p o r t  c o n t a i n s  t he  d e f i n i t i o n  of the  E V A  systems i n t e r f a c e  requi rements  
and accommodations f o r  e f f e c t i v e  i n t e g r a t i o n  of a product ion  EVA c a p a b i l i t y  
i n t o  t h e  Space S t a t i o n  program. I t  re f lec ts  the many i n t e r r e l a t e d  considera-  
t i o n s  i d e n t i f i e d  i n  t h e  cour se  of t h e  MDAC-Houston Advanced EVA Systems Design 
Requirements Study Con t rac t  N A S  9-17299. De l ive red  as i t  i s  i n  suppor t  of the 
Space S t a t i o n  Phase B I n t e r f a c e  Requirements Review, i t  is somewhat i n  advance 
of complet ion of the c o n t r a c t  s t u d y  and may be s u b j e c t  t o  some r e v i s i o n  i n  t h e  
f i n a l  r e p o r t  t o  be d e l i v e r e d  i n  January 1986. 

T h i s  r e p o r t  i s  organized  i n  t h e  fo l lowing  manner: 

S e c t i o n  2 provides  a d e s c r i p t i o n  of t h e  EVA systems f o r  which t h e  Space Sta-  
t i o n  must provide t h e  va r ious  i n t e r f a c e s  and accommodations. Systems d e s c r i p -  
t i o n s  and performance requi rements  are presented  t o  t h e  l e v e l  of de t a i l  
necessary  t o  suppor t  an unaers tanding  of t n e i r  a t t e n a a n t  i n t e r f a c e  r equ i r e -  
ments. 

S e c t i o n  3 inc ludes  the  d i s c u s s i o n s  and a n a l y s e s  of the va r ious  SS areas i n  
which EVA i n t e r f a c e s  are r e q u i r e d  and/or from which i m p l i c a t i o n s  f o r  EVAS 
des ign  requi rements  are de r ived .  Roughly organized  about  t h e  WBS fo r  s t u d y  
T a s k  3 ,  t h i s  s e c t i o n  provides  t h e  r a t i o n a l e  f o r  a l l  EVAS mechanical ,  f l u i d ,  
e l ec t r i ca l ,  communications and da ta  s y s t e m  i n t e r f a c e s  as well as e x t e r i o r  and 
i n t e r i o r  requi rements  necessa ry  t o  f a c i l i t a t e  EVA ope ra t ions .  Resul ts  of 
s t u d i e s  suppor t ing  these d i scuss ions  are p resen ted  i n  t h e  appendix,  which 
c o n s t i t u t e s  Appendix B of t h e  Advanced EVA Systems Study. 

Though t h e y  would appear somewhat out of con tex t  i n  t h i s  r e p o r t ,  S e c t i o n  2.2.8 
d e s c r i b e s  cand ida te  o r b i t a l  experiments  necessa ry  t o  suppor t  advanced EVAS 
development. Assessment of these experiments i s  provided i n  S e c t i m  2.2.7, 
which i d e n t i f i e s  t h e  EVAS technology r i s k s  a s s o c i a t e d  w i t h  meet ing t h e  SS E V A  
r equi  r emen t s . 

0 

P h i l o s o p h i c a l l y ,  a very w h o l i s t i c  approach must be t aken  a t  a l l  l e v e l s  of t he  
o r g a n i z a t i o n  t o  t h e  i n t e g r a t i o n  of the  EVA c a p a b i l i t y  i n t o  t he  SS program. 
E V A  is no longe r  performed f o r  i ts  own sake, and our  proven a b i l i t y  t o  ex tend  
man's n a t u r a l  a b i l i t i e s  beyond the conf ines  of h i s  space h a b i t a t  must be made 
as n a t u r a l  and r o u t i n e  as its unique environment a l lows.  Concessions made 
" f o r  t h e  sake of EVA'' cannot  r e p l a c e  a k e e l  up i n t e g r a t i o n  of EVA as a program 
r e s o u r c e - a  r e s o u r c e  proven t o  be j u s t  as impor tan t  t o  mis s ion  s u c c e s s  as 
e l e c t r i c a l  power, ins t rument  poin t ing ,  heat t r a n s f e r ,  etc.  The re fo re ,  t h e  
importance of proper  i n t e g r a t i o n  of i n t e r f a c e  requi rements  and accommodations 
cannot  be overemphasized. E s s e n t i a l l y ,  end- to-end o p e r a t i o n a l  assessments  
suppor ted  by sys tems and subsystems performance t e s t i n g  provide  t h e  o n l y  t r u e  
measure of s u c c e s s f u l  i n t e g r a t i o n  p r i o r  t o  a c t u a l  real- time use. Des igning  
separate s y s t e m s  t o  i n d i v i d u a l l y  der ived  sets of requi rements  leads t o  a high 
p o t e n t i a l  f o r  expens ive  r e d e s i g n s  and r e c e r t i f i c a t i o n  e f f o r t s  and o f t e n  t o  
o p e r a t i o n a l  workarounds t h a t  adverse ly  impact crew p r o d u c t i v i t y .  From t h e  
l e s s o n s  l e a r n e d  i n  deve loping  t h e  EVA sys tems f o r  t h e  STS and from the  data 
base amassed from ongoing STS ex t r aveh icu la r  a c t i v i t y ,  N A S A  has the  p o t e n t i a l  
t o  provide a f u l l y  i n t e g r a t e d  and product ive  EVA c a p a b i l i t y  t h a t  can be  man- 
aged, a long  w i t h  o t h e r  c r i t i c a l  SS re sources ,  t o  s a t i s f y  program o b j e c t i v e s .  e 



2.0 EVAS DESCRIPTION AND PERFORMANCE REQUIREMENTS 

2.1 GENERAL 

To specify EVAS/Space Station interface requirements, it is first necessary to 

briefly discuss functional requirements for the EVAS itself. Development/ 

derivation of these requirements is the subject of SOW task 3.2.4, so only a 

minimal discussion will be provided here, with primary emphasis on the issues 

that drive the requirements. 

derivation will be provided in the final report (DR-4). 

A more detailed explanation as to requirement 

2.2 OVERALL EVAS DRIVING ISSGES 

2.2.1 Maintainability is considered to be the single most important element 

of the design requirements at this stage. While many other elements are very 

important, proper design of the EVAS will allow for choices to be made much 

later as to the exact approach to solve other design problems. Specifically, 

building in as much modularity as possible as early as possible provides: 

I 

1 .  ORU removal/replacement/repair capability 

2 .  Growth by individual subsystem (or component) upgrades rather than 

block upgrades of the entire system 

a. Regenerables 

b. Smaller volume components 

c. Higher pressure gloves 
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3 .  Temporary fall-back position in the event of advanced technology 

funding cuts or technical problems (gloves, LiOH, PCM, etc., develop- 

ment) 

2 . 2 . 2  

competing issue to maintainability (i.e., a system that concentrates on func- 

tional integration like the STS PLSS can optimize volume, but sacrifices the 

ability to upgrade individual systems and components easily). Our STS experi- 

ence has taught us that we are simply not smart enough to predict just which 

part of the system will eventually require modification, so every effort 

should be made now to group the functions to allow maximum modularity. 

likelihood, this means minimizing the functional integration o f  subsystems, 

regardless of the final physical arrangement of systems. 

most appropriate breakdown of the functions is: 

Degree of function integration is a closely related and frequently 

In all 

It appears that the 

1. Life Support 

a. Pressurization/Pressure Control" 

b. Breathing Oxygen* 

c. Atmosphere Revitalization* 

d. Thermal Control* 

2. Communication** 

3. Data Management (including system monitoring) 

4. Environmental Protection* 

5. Mobility* 
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6. Propulsion* 

7. Guidance, Navigation, and Control** 

8. EVA Support Functions 

*Denotes critical functions referred to in the following discussion. 

**Denotes function that may or may not be designated as critical depending on 

the mission profile. 

For convenience in this discussion, these functions will be grouped as the 

hardware has traditionally been configured. That is: 

1. Life Support, Communication, and Data Management will be grouped under 

Life Support System (LSS). 

Environmental Protection and Mobility will be grouped under Crew 

Enclosure. 

Propulsion (translational and rotational) and Guidance, Navigation, 

and Control will be grouped under Propulsion System. 

2. 

3. 

4. EVA Support Functions ( t o o l s ,  servicing equipment, etc.) will be 

discussed under the general title of Ancillary Equipment. 

2.2.3 

systems used in past EVA systems (e.g., two (or even three) primary oxygen 

systems in place of an SOP) to provide not only a limited fail-ops capability, 

but also to reduce complexity of spares logistics. In any case, no single 

Redundancy of critical systems should be considered in place of backup 
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credible failure should result in loss of a critical function (even though it 

may possibly result in degradation of function and/or termination of EVA), and 

no two related failures should cause an immediately life-threatening situa- 

tion. 

2.2.4 Radiation exposure allowed/allowable is considered to be an issue 

encompassing much more than only EVA. For instance, regardless of the amount 

of protection built into the Crew Enclosure, common sense dictates that we 

still try to schedule EVA to avoid the South Atlantic Anomaly; therefore, our 

approach in designing the EVAS should be to provide as much protection as 

possible without restricting mobility (in no case less than that provided by 

the STS EVAS). This will allow overall-radiation exposure philosophy to be 

developed on an informed basis by the appropriate agency while continuing to 

apply NASA's policy of As Low As Reasonably Achievable (ALARA). 

2.2.5 The weighting given to LSS volume vs. time available for EVA warrants 

careful consideration. Generally, while smaller volume will always increase 

productivity by some amount, it is not the absolute constraint it was during 

STS EVAS development (e.g., requirement for passage of an EMU through the 

shuttle interdeck access no longer exists). Alternatively, deletion or dras- 

tic reduction of prebreathe penalty may make extended EVA time capability 

unnecessary by reducing the overhead time associated with each EVA, thereby 

allowing more frequent, shorter EVA'S with a smaller volume LSS. 

5 



2.2.6 

n o t  be a c o n s i d e r a t i o n  a t  t h i s  stage of  t h e  des ign  process .  Rather, these 

i s s u e s  should be addressed by the  medical community while our  eng inee r ing  

Acceptable phys io log ica l  r i s k s  as  regards decompression s i c k n e s s  should 

e f f o r t s  should be focused on the goa l  of  e l i m i n a t i n g  these r i s k s  f o r  nominal 

o p e r a t i o n s  (R = 1 .2  o r  l e s s ) .  I n  t h e  even t  we are unable  t o  meet t h i s  goa l  

i n i t i a l l y ,  we can f a l l  b a c k  t o  higher r i s k  pressure combinat ions and/or  proce- 

d u r a l  workarounds us ing  p reb rea th ing  t o  reduce t h e  l i k e l i h o o d  of  problems. 

2 .2 .7  Technology readiness assessment 
During development of t h e  EVAS requi rements ,  i t  has been necessa ry  t o  keep an 

eye  on c e r t a i n  aspects of t echno log ica l  r e a l i t y .  Seve ra l  technology advance- 

ment programs promise s i g n i f i c a n t  enhancement i n  EVA p r o d u c t i v i t y  and 

decreased l o g i s t i c s  requi rements ,  and we have assumed tha t  p r o g r e s s  w i l l  

con t inue  a t  a pace a l lowing  their i n c o r p o r a t i o n  i n t o  EVAS des ign  a t  IOC. 

Unfor tuna te ly ,  as wi th  a l l  such programs, t h e y  are s u b j e c t  t o  v a r i o u s  deg rees  

o f  r i s k  from two sources :  technical problems and funding  c u t s .  The re fo re ,  

where p o s s i b l e ,  we are s t a t i n g  requi rements  so  as  no t  t o  p rec lude  u s e  of 

c u r r e n t  technology ( w i t h  i t s  as soc ia t ed  o p e r a t i o n a l  impacts) i n  t h e  i n t e r i m ,  

w i t h  subsequent  upgrades as t h e  technology matures.  Table 1 shows t h e  most 

promising of  these technology a r e a s ,  t h e i r  p o t e n t i a l  b e n e f i t s  and drawbacks,  

and t h e  perce ived  degree of t e c h n i c a l  r i s k  i n  b r ing ing  them t o  m a t u r i t y  by 

I O C .  
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2.2.8 

The p r e s e n t  S h u t t l e  environment o f f e r s  many o p p o r t u n i t i e s  t o  tes t  and e v a l u a t e  
EVA systems concepts  p r i o r  t o  committing t o  f u l l  development f o r  l a t e r  use  on 
t h e  SS. For  any hardware o r  system des ign ,  e s p e c i a l l y  t h o s e  invo lv ing  c r i t i -  
cal new t echno log ie s ,  t a k i n g  advantage of such tes t  and demonst ra t ion  opportu- 
n i t i e s  may c o n t r i b u t e  t o  minimizing t h e  o v e r a l l  t e c h n i c a l  r i s k  t o  t h e  program. 
T h i s  i s  e s p e c i a l l y  t r u e  f o r  t h o s e  technologies  o r  des ign  concepts  most af- 
fec ted  by the  z e r o  g r a v i t y  environment, s i n c e  t h a t  is t h e  area i n  which i t  i s  
the most d i f f i c u l t  t o  provide  an end-to-end s i m u l a t i o n  i n  ground-based f ac i l i -  
t i e s .  

Space S t a t i o n  Experiments Necessary For EVA Support  

. 

Based on our unders tanding  of t h e  o r b i t a l  environments and t h e  development 
needs of t h e  advanced EVA systems, we have assembled t h e  fo l lowing  p re l imina ry  
l i s t  of cand ida te s  f o r  orb i ta l .  experiments.  

A. Crew Enzlssure  Experiments 

1. S u i t  donningldoff ing  e v a l u a t i o n  - f l y  dev ice  similar t o  l a b o r a t o r y  
. e v a l u a t i o n  s t a n d  i n  t h e  middeck t o  e v a l u a t e  va r ious  c l o s u r e  concepts ,  

va r ious  scye /neck /c losu re  o r i e n t a t i o n s ,  and impact of arm/glove f i t  of 
provid ing  a hand-in c a p a b i l i t y .  Adjustment of dev ice  should  a l low for  
t es t  by e n t i r e  mani fes ted  STS crew t o  maximize data r e t u r n  and, i f  
able t o  be p r e s s u r i z e d ,  could v a l i d a t e  r e l i a b i l i t y  of o r r o r b i t  
r e - s i z i n g  concepts .  

2. S u i t  material exposure tests - provide  "wi tness  p la te"  t y p e  samples 
of s u i t  materials on m u l t i p l e  STS miss ions  and i n  v a r i o u s  l o c a t i o n s  t o  
e v a l u a t e  effects of r a d i a t i o n ,  a tomic  oxygen a b r a s i o n ,  extremes of 
temperature, micrometeoroid impacts ,  contaminat ion ,  etc. While some 
of these environment in f luences  can be s imula t ed  o r  produced on the  
ground, no s i n g l e  f a c i l i t y  can produce the  combined effects  of all of 
them. 

3. S u i t  l o a d i n g  data  - provide a se t  of EMU crew enc losu re  s e n s o r s  and 
wi r ing  and r e c o r d i n g  devices t o  develop t r u e  des ign  l o a d i n g  f a c t o r s  
from a c t u a l  EVA unmasked by one-g e f f ec t s  and p o s s i b l y  r e l i e v e  t h o s e  
found t o  be t o o  conserva t ive .  

B. L i f e  Support  System Experiments 

1 .  I n - f l i g h t  maintenance proof-of-concept demonst ra t ion  - provide  t e s t  
. LSS o r  high f i d e l i t y  mockup t o  assess o r b i t a l  maintenance c a p a b i l i t y  

f o r  advanced PLSS. LSS could be disassembled down t o  r e q u i r e d  ORU 
l e v e l ,  or beyond, t h e n  reassembled. Test  would v a l i d a t e  procedures  
and designs, and subsequent  ground t e s t  would v e r i f y  post-maintenance 
sys tems i n t e g r i t y  and performance. 

2. E f f i c i e n c y  of r e g e n e r a t i v e  LSS components - o w o r b i t  t e s t s  of regener-  
a t i v e  C02 removal,  humidi ty  removal,  and heat -absorb ing  dev ices  could  
be provided i n  Get Away Spec ia l  (GAS) t y p e  exper iments  t h a t  would 
r e v e a l  any problems o r  p e c u l i a r i t i e s  a s s o c i a t e d  with z e r o  g r a v i t y  
o p e r a t i o n  i n  t he i r  in tended  environments.  

7 '  



Other cand ida te s  of lesser importance could  b e n e f i t  from r e a l i s t i c  o r b i t a l  
t e s t s  e i ther  i n  t h e  Space S t a t i o n  or  t h e  S h u t t l e  and could be piggy-backed 
o n t o  other more c r i t i c a l  ones.  I t  i s  s t r o n g l y  recommended t h a t  f u l l  advantage 
be  t a k e n  of t h e  o p p o r t u n i t i e s  a f forded  by  t h e  STS program t o  enhance the 
a b i l i t y  of the selected E V A  systems t o  s a t i s f y  t h e  demands of t he  SS EVA 
requi rements .  

0 
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2.3 REQUIREMENTS 

Table  2.2 c o n t a i n s  t h e  requirements  as t h e y  appear  t o  be t ak ing  shape.  A s  

mentioned above ( S e c t i o n  2 .2 .2) ,  they  are grouped i n t o :  

1 .  L i f e  Support  System 

2. Crew Enclosure 

3. Propuls ion  System 

4 .  Anc i l l a ry  Equipment 

i 
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TABLE 2.2. EVAS FUNCTIONAL REQUIREMENTS BY SUBSYSTEM 

SYSTEM/SUBSYSTEM FUNCTIONAL REQUIREMENT 

1 .o LSS - 

1.1 STRUCTURE 

1.2 VENTILATION SYSTEM 

Life support for 8 hours in LEO space vacuum 

Mounting points for crew enclosure, propulsion 

system, and required ancillary equipment 

Breathing oxygen 

C02 control system allowing use of developing 

regenerable technologies or LiOH (emphasis on 

medium selected for Station C02 control by Phase 

B WP-01 team)--inlet, outlet, cooling, and in- 

strumentation connections provided by LSS 

Humidity control 

Odor control 
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TABLE 2.2. EVAS FUNCTIONAL REQUIREMENTS BY SUBSYSTEM ( C O N T I N U E D )  

SYSTEM/SUBSYSTEM FUNCTIONAL REQUIREMENT 

1.3 THERMAL CONTROL SYSTEM Storage  and/or  r e j e c t i o n  of me tabo l i c ,  sys tem-  

genera ted ,  and environmental  heat l o a d s  

Conductive i n t e r f a c e  and i n s t r u m e n t a t i o n  should 

be provided t h a t  does n o t  p rec lude  any of t h e  

fol lowing approaches: 

Phase Change Module (PCM) 

Venting ( sub l ima to r )  

Radia tor  

Augmented ( u m b i l i c a l )  

1 . 4  PRESSURIZATION SYSTEM Constant p r e s s u r e  of TBD k TBD (see p a r a  2.2.6) 

Regula tors ,  o r i f i c e s  capab le  of ad jus tment  o r  

replaceable as O R U ' s  

1.5 POWER Storage ,  d i s t r i b u t i o n  system t o  a l low 8 hour s  of 

EVA 
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TABLE 2.2. EVAS FUNCTIONAL REQUIREMENTS BY SUBSYSTEM ( C O N T I N U E D )  

SY STEM/SUBSY STEM FUNCTIONAL REQUIREMENT 

1 .6  DATA MANAGEMENT Real-time systems monitor ing 

Data base a c c e s s  

1.7 COMMUNICATIONS 

2.0 CREW ENCLOSURE 

2.1 TORSO 

Navigation 

Data (b iomedica l ,  sys t ems ,  n a v i g a t i o n )  

Voice 

Pressure  v e s s e l  t o  p r o t e c t  from vacuum, radia- 

t i o n ,  mechanical dangers  

Mate r i a l ,  j o i n t  des ign  - TBD by Phase 0 

S t r u c t u r a l  i n t e r f a c e  f o r  l e g s ,  arms, r e s t r a i n t s  

Negative p r e s s u r e  p r o t e c t i o n  (ha rd  upper t o r s o  o r  

r e l i e f  v a l v e )  

Size range  accommodated - TBD ( g o a l  is t o  maximize 

number of people  accomodated by minimum hard-  

ware. ) 
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TABLE 2 . 2 .  EVAS FUNCTIONAL REQUIREMENTS BY SUBSYSTEM ( C O N T I N U E D )  

SYSTEM/SUBSYSTEM FUNCTIONAL REQUIREMENT 

2.2 LEGS 

Shoulder- to-crotch 

Shoulder w i d t h  

Mobil i ty  t STS EMU 

R e s t r a i n t  i n t e r f a c e  t o  s t ructures  

J o i n t  t y p e s  - TBD; c e r t i f i c a t i o n  of Ortman coupl ing  

o r  similar technology a l lows  la te r  s e l e c t i o n  

be tween : 

Hard "s tove  p ipe"  

Toroidal  s i n g l e  wall l amina te  (SWL) 

Rol l ing  convolu te  SWL 

Tucked f a b r i c  
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TABLE 2 . 2 .  EVAS FUNCTIONAL REQUIREMENTS BY SUBSYSTEM ( C O N T I N U E D )  

SYSTEM/SUBSYSTEM FUNCTIONAL REQUIREMENT 

2.3 ARMS Mobili ty L STS EMU 

Mounting p r o v i s i o n s  f o r  a n c i l l a r y  equipment 

- - too l s ,  r e s t r a i n t s ,  e t c .  

Joint t y p e s  - TBD; c e r t . i f i c a t i o n  of Ortman C m p l i n g  

or similar technology a l lows  l a t e r  s e l e c t i o n  

be tween : 

Hard l l s tove  p ipe"  

Toroidal  SWL 

Roll ing convolu te  SWL 

Tucked f a b r i c  

2.4 GLOVES Mobili ty h STS EMU--must accommodate s i z e s  as 

small  as TBD 

T a c t i l i t y  L STS EMU 
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TABLE 2.2. EVAS FUNCTIONAL REQUIREMENTS BY SUBSYSTEM (CONTINUED) 

SYSTEM/SUBSYSTEM FUNCTIONAL REQUIREMENT 

Joint types TBD--Gloves are already ORU's on STS - 
EVAS; any technology is easy to add later merely 

by specifying the interface the gloves must meet 

(wrist disconnect)--candidates include: 

Tucked fabric 

Hinge (metacarpal) 

Bearing (thumb) 

Bellows (finger) 

NOTE: Heavy-duty "work gloves", if used, do not  

necessarily have to meet the mobility and 

tactility requirements stated above 

NOTE: 

requirement (custom-fit acceptable) 

On-orbit resizing capability is not a 

2.5 HELMET Visibility 



TABLE 2.2. EVAS FUNCTIONAL REQUIREMENTS BY SUBSYSTEM (CONTINUED) 

SYSTEM/SUBSYSTEM FUNCTIONAL REQUIREMENT 

2.6 WATER Sufficient for 8 hours of EVA 

Options include: 

Dedicated container 

2.7 FOOD 

From LSS 

Sufficient for 8 hours of EVA 

2.8 WASTE COLLECTION Urine collection 

Fecal collection (containment) 

Emesis collection (containment) 

3.0 PROPULSION SYSTEM 

3.1 PROPULSION Delta-V capability of TBD 

Non-contaminat ing 
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TABLE 2.2. EVAS FUNCTIONAL REQUIREMENTS BY SUBSYSTEM (CONTINUED) 

SYSTEM/SUBSYSTEM FUNCTIONAL REQUIREMENT 

3 . 2  CONTROL 

3.3 POWER 

3.4 STRUCTURE 

4.0 ANCILLARY EQUIPMENT 

4.1 EVAS SUPPORT EQUIPMENT 

~ ~~ 

Manual control--translation and rotation 

Automatic control--rotation (and translation) 

Teleoperat ion 

Artificially intelligent "smart front endt1 

Storage, distribution system to allow 8 hours of 

operation 

Mounting provisions for LSS, crew enclosure, 

payloads, ancillary equipment 

4.1.1 Checkout Equipment Perform system checkout during nominal operations 

with minimal human intervention 
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TABLE 2.1. EVAS FUNCTIONAL REQUIREMENTS BY SUBSYSTEM (CONCLUDED) 

SYSTEM/SUBSYSTEM FUNCTIONAL REQUIREMENT 

4.1.2 Service/Maintenance/ Perform nominal servicing between EVA'S, ORU 

Repair Equipment changeout, and ORU repair capability 

4.2 STATION/PAYLOAD 

SUPPORT EQUIPMENT 

(GENERIC) 

4.2.1 Station Driven 

4.2.2 Payload Driven 

4.3 PAYLOAD SUPPORT 

EQUIPMENT (SPECIAL 

Perform routine maintenance and servicing of the 

Station and experiments and unscheduled repair 

tasks as needed: i.e.: provide the capability 

to perform each of the generic EVA missions 

(tasks) identified in Section 3.1 of this study 

Equipment not covered by 4.2 (above), which is 

required by one or more part zular payload(s1, 

will normally be provided by the user, and as 

such the only Station requirement is to provide 

services (power, comm, environmental control, 

etc.) as required by the equipment 
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3.0 SPACE STATION EVA REQUIREMENTS A?J2 IfU'TSRFACE AC':C~I"IODATIONS 

3.1 ATMOSPHERIC PRESSURE AND COMPOSITION 

The i s s u e  of space  S t a t i o n  cab in  p re s su re  and atmosphere composi t ion as i t  
r e l a t e s  t o  EVA i nvo lves  a complex i n t e r r e l a t i o n s h i p  among human phys io log ica l  
f a c t o r s ,  space  s u i t  technology l i m i t a t i o n s ,  and complexi ty  of EVA l i f e  suppor t  
systems.  The basic  i s s u e  i n c l u d e s  t h e  fo l lowing  cons ide ra t ions :  

1. 
2;  Phys io log ica l  r e l a t i o n s h i p  of s u i t  pressure t o  cab in  p r e s s u r e  f o r  reduc- 

3. Space s u i t  technology r e a d i n e s s  f o r  EVA o p e r a t i o n s  a t  higher  p r e s s u r e s ,  

4. 

S u i t  p r e s s u r e  r e l a t i o n s h i p  t o  EVA p r o d u c t i v i t y  

t i o n  of the crewmember's bends r i s k  

p a r t i c u l a r l y  i n  regards t o  gloves 
The degree t o  which EVA requirements  f o r  cab in  pressure s e l e c t i o n  can be 
composed over  g loba l  program i s s u e s  

S u i t  Pressure Re la t ionsh ip  To EVA P roduc t iv i ty  

I t  has been p rev ious ly  r e p o r t e d ,  i n  t h e  Midterm Review P r e s e n t a t i o n  ( D R 2 )  of 
t h i s  s tudy ,  t h a t  t he  E V A  crewmember's j o i n t  m o b i l i t y  and  d e x t e r i t y  va ry  in- 
v e r s e l y  w i t h  t h e  s u i t  p r e s s u r e  l e v e l .  Cons tan t  volume, o r  nea r  c o n s t a n t  
volume, type  joints are r e q u i r e d  i n  t h e  crew enc losu re  t o  e l i m i n a t e ,  o r  a t  
l ea s t  r educe  t h i s  s e n s i t i v i t y .  The tucked  f a b r i c  t y p e  j o i n t s  c u r r e n t l y  i n  use 
are most s e n s i t i v e  t o  changes i n  ope ra t ing  pressure. The crewman's o v e r a l l  
p r o d u c t i v i t y  i n  accomplishing EVA t a s k s  w i l l  be enhanced by having  as low a 
s u i t  p r e s s u r e  as p o s s i b l e .  

P h y s i o l o g i c a l  Re la t ionsh ip  O f  S u i t  P re s su re  To Cabin P r e s s u r e  

Reduct ion of bends r i s k  for  crewman about  t o  go E V A  has  been t h e  s u b j e c t  of 
i n t e n s e  s t u d y  f o r  t h e  STS, and ongoing tests have fu r the r  de f ined  t h i s  c r i t i -  
cal r e l a t i -onsh ip .  The r a t i o  ("R value") of the  crewman's t i s s u e  n i t r o g e n  t o  
t he  t o t a l  s u i t  p r e s s u r e  de te rmines  accep tab le  combinat ions of s u i  t / c a b i n  
p r e s s u r e  w i t h  t h e  a s s o c i a t e d  r i s k s  determined by t h e  R v a l u e  s e l e c t e d .  The 
crewmember's t i s s u e  n i t r o g e n  level is a v a r i a b l e  t h a t  can be c o n t r o l l e d  by 
i n t r o d u c t i o n  a t  va r ious  prebrea th ing  p r o t o c o l s ,  all of which have a t t e n d a n t  
systems requi rements  and p r o d u c t i v i t y  p e n a l t i e s  a s s o c i a t e d  w i t h  them. 

S u i t  Technology Readiness  For High P res su re  Opera t ion  

I n  t he  cour se  of t h e  technology surveys conducted e a r l y  i n  t h i s  s t u d y ,  i t  was 
our assessment  t h a t  t h e  h i g h e s t  reasonable  pressure l e v e l  f o r  o p e r a t i o n  of a 
s u i t  i n c o r p o r a t i n g  advanced j o i n t  designs was around 8 p s i d .  While r e c e n t  
t e s t i n g  i n d i c a t e s  t h a t  t h i s  number may be somewhat conse rva t ive  f o r  most 
j o i n t s ,  t h e  g loves  remain t h e  most s e n s i t i v e  t o  p r e s s u r e  l e v e l .  S i n c e  t h e y  
a re  a l s o  t h e  most c r i t i c a l  elements i n  t h e  a b i l i t y  of t h e  crewman t o  perform 
u s e f u l  work and s i n c e  there is a good deal of t e c h n i c a l  r i s k  s t i l l  associated 
w i t h  enhanced g loves ,  t h e  need t o  ope ra t e  a space s u i t  a t  t h e  lowes t  reasona- 
b l e  p r e s s u r e  must con t inue  t o  be emphasized. 

Global  Cons ide ra t ions  For S e l e c t i n g  SS P r e s s u r e  Level 

The aforementioned f a c t o r s  t h a t  s t r o n g l y  sugges ted  a cab in  pressure s e l e c t i o n  
of 10.2 p s i  were d u l y  cons ide red  by the  SS program managers a long  w i t h  o t h e r  
d r i v i n g  i s s u e s  a f f e c t i n g  many areas of concern.  Thei r  r e c e n t  d e c i s i o n  t o  
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b a s e l i n e  a 14 .7  p s i  Earth normal atmosphere f o r  t he  SS s h i f t s  t h e  impacts of 
t h e  EVA c o n s i d e r a t i o n s  f u l l y  o n t o  t h e  EVA s y s t e m s  themselves  and away from 
t h e i r  SS i n t e r f a c e s  and accommodations. I t  must be no ted ,  however, that  
f u r t h e r  s t u d i e s  by t h e  SS phase B c o n t r a c t o r s ,  i n  a t t empt ing  t o  br idge  t h e  gap 
of c a b i n / s u i t  p r e s s u r e  i n c o m p a t i b i l i t y  due t o  space s u i t  t e c h n i c a l  l i m i t a t i o n s  
may result i n  pro tocol  o p t i o n s  t h a t  do have impacts on SS architecture and 
SSIEVAS i n t e r f a c e s  t o  maximize o v e r a l l  crew p r o d u c t i v i t y .  These may i n c l u d e  
methods such  as use of i n t e r m e d i a t e  pressure l e v e l s  i n  t h e  EVA p r e p a r a t i o n  
areas f o r  t he  s u i t  donning a c t i v i t i e s  o r  even f o r  the e n t i r e  p reb rea the  pe- 
riod. With maximizing crew p r o d u c t i v i t y  as our prime concern,  we w i l l  make 
a p p r o p r i a t e  recommendations regarding such  o p t i o n s  and i d e n t i f y  t he  necessa ry  
SS i n t e r f a c e s  and accommodations i n  o u r  f i n a l  r e p o r t .  
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3 . 2  COMMUNICATIONS REQUIREMENTS 

Communication of information to and from the EVA crewmembers will be of utmost 

importance during the space station era due to the multiplexity, complexity, 

and flexibility of EVA tasks to be performed. Proper communications will 

optimize productivity, increase reliability, and improve operational safety 

for any and all EVA missions. 

Communications include voice communication, telemetry, freeze-frame TV, and 

full motion TV. 

played, since a good display will communicate well the information contained 

therein while a poor display may not communicate at all. 

Part of the communication problem is how the data is dis- 

COMMUNICATIONS 

Basic needs for communication are voice communication, telemetry, and televi- 

s ion. 

For voice communication, the fundamental requirements are that any crewmember 

who needs to be heard can be heard and that all communication should be 

smooth, easy, and prompt, with no "noise" if possible. Noise as used here can 

be simple electronic noise or other communications of a non-germane nature. 

To meet this requirement, the equivalent of two channels of voice communica- 

tions are needed for every pair of EVA crewmembers. In this fashion, each 

crewmember can transmit on one channel and receive on the other. The space 
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s t a t i o n  itself must t hen  be capable  of r e c e i v i n g  each channel  and of  t r ansmi t -  

t i n g  e i ther  on each channel  or on i ts  own s e p a r a t e  channel  t o  each EVA team. 

The EVAS must t hen  r e c e i v e  the  s t a t i o n ' s  t r ansmiss ion .  

I t  is a n t i c i p a t e d  t h a t  f o r  I O C ,  t h e  EVAS must be capable of  suppor t ing  EVA by 

two crewmembers a t  once w i t h  t h e  requirement  t o  suppor t  EVA by f o u r  crew- 

members working i n  teams of two wi th in  6 yea r s .  T h i s  means the  e q u i v a l e n t  of 

fou r  channels  of v o i c e  communication w i l l  be r e q u i r e d  w i t h  a p o s s i b l e  s t a t i o n  

channel  c o n s t i t u t i n g  a f i f t h  and s i x t h  channel .  I n  a d d i t i o n ,  an  " A i i  Caii:' 

channel  w i l l  be r e q u i r e d  f o r  emergency o r  off-nominal o p e r a t i o n s ,  f o r  a t o t a l  

of seven channels  r e q u i r e d .  

The major f u n c t i o n  of telemetry i n  suppor t  of t h e  E V A S  w i l l  be t o  p rov ide  I V  

crewmembers, ground moni tors ,  and a p o s s i b l e  on-orb i t  e x p e r t  system EVA moni- 

to r  with data on crewmember health s t a t u s  and EVAS hardware s t a t u s .  

Health inoni tor ing w i l l  i nc lude  EKC and r e s p i r a t i o n  r e a d o u t s  f o r  each crew- 

member. While o u t p u t s  from each crewmember can probably be  mul t ip l exed  so 

t h a t  each crewmember has on ly  a s i n g l e  biomedical  o u t p u t ,  each crewmember w i l l  

r e q u i r e  t h a t  one ou tpu t  so  that  a t  I O C  two channe l s  w i l l  be necessary  f o r  t h i s  

moni tor ing  wi th  fou r  channels  f o r  growth. 

Hardware system s t a t u s  can probably be treated l i k e  crewmember biomedical  

moni tor ing  with a s i n g l e ,  higher data ra te  channel  f o r  each EMU w i t h  EEU 

s t a t u s  informat ion  mul t ip lexed  i n t o  t h e  s i g n a l  as r e q u i r e d .  Payload sys t ems  
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may additionally require telemetered monitoring by the ground or an IV crew- 

man. Whether this requires a separate channel or can De multiplexed with the 

EVAS hardware data is unknown. The EVAS hardware data may be amenable to 

multiplexing with the crewman biomedical data, reducing the required number of 

channels, but this has not been determined yet. 

Two distinct types of television will be required. One type will constitute a 

Single freeze-frame transmission from the station DMS to an individual crewman 

or to a team of crewmen. The second type cf television xi11 consist of iim- 

mal-motion transmission from the EVA crew to the space station. 

In freeze-frame television use, each team of crewmembers could receive the 

same picture. Additionally each crewmember of a team could receive different 

pictures simultaneously. Source of the transmission could be electronically 

stored data in the DMS (a satellite maintenance manual for instance), a dia- 

gram placed on a camera table in the space station, or similar transmissions 

relayed from the ground. 

In normal-motion television, each team should be able to transmit one channel 

of data to the space station for simultaneous display, recording, or transmis- 

sion to the ground. 

In all, then, two channels of freeze-frame television transmission/reception 

will be required for IOC and four for growth. One channel of normal-motion 

television will be required for IOC and two channels for growth. 
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It is no t  clear as y e t  e x a c t l y  how EEU t a r g e t i n g  w i l l  be performed f o r  t h e  

long  (approximate ly  1 k i lome te r )  t r a n s l a t i o n s  from the  space s t a t i o n .  If a l l  

data t a k i n g  and t a r g e t i n g  func t ions  are  handled wi th in  t h e  EEU i t s e l f ,  no 

communications f u n c t i o n s  with t h e  space  s t a t i o n ,  o t h e r  t h a n  a p o s s i b l e  

t ransponder  on t h e  s t a t i o n ,  will be r equ i r ed .  However, i f  t r a c k i n g  and 

t a r g e t i n g  are handled by the s t a t i o n  w i t h  data r e l a y  t o  t h e  EEU,  t h e n  provi -  

s i o n  must be made f o r  t h a t  data  r e l a y .  Th i s  would r e q u i r e  two channe l s  f o r  

bo th  I O C  and growth w i t h  c u r r e n t l y  envisaged EEU man i fe s t ing .  

P rov i s ions  must f u r t h e r  be made f o r  communicating w i t h  t e l e o p e r a t o r s  and 

r o b o t i c  dev ices .  These may be a t t ached  o r  f r e e - f l y i n g .  Examples are t h e  MRMS 

o r  OMV i n  t e l e o p e r a t o r  mode and the  OMV o r  EEU w i t h  FIDO package i n  r o b o t i c  

mode. Command data must be transmitted by the  s t a t i o n  and r e c e i v e d  by the  

dev ice ,  and systems and s t a t u s  data, probably inc lud ing  t e l e v i s i o n ,  must be 

t r a n s m i t t e d  by the  dev ice  and rece ived  by the  s t a t i o n .  

made f o r  a l l  of  t he  above f u n c t i o n s ,  bu t  i n s u f f i c i e n t  d e t a i l  e x i s t s  t o  e s t i -  

mate number of  channels  o r  a l l  t y p e s  of data. 

P r o v i s i o n s  must be 

M A I N T A I N A B I L I T Y  

The requi rement  f o r  h igh  m a i n t a i n a b i l i t y  of t h e  WAS and a l l  associated sys-  

tems must be  k e p t  i n  mind. Emphasis should  be  p l aced  on ruggedness  and re l ia -  

b i l i t y  of des ign ,  and the  philosophy of t e s t i n g  by us ing  should  be implemented 
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everywhere p o s s i b l e .  E l imina t ing  unnecessary maintenance tasks,  checks, and 

tests is the goa l  wi th  a n  " i f  itls n o t  broken d o n ' t  f i x  it" a t . t i t u d e .  

RECOMMENDATIONS 

Continue t o  s tudy  EVAS comm requi rements  t o  more a c c u r a t e l y  d e f i n e  them as 

system parameters  become more well def ined .  

Cont inue t o  s tudy  EVAS comm o p t i o n s  t o  suppor t  f u r t h e r  des ign  e f f o r t s  as t h e y  

occur .  

Design strawman comm system, inc luding  as much of t h e  space s t a t i o n  DMS as 

necessa ry ,  t o  s a t i s f y  o p e r a t i o n a l  requi rements  as de f ined  i n  t h e  t e c h n i c a l  

d i s c u s s i o n  above. T h i s  is  a job f o r  communications and data s y s t e m s  e x p e r t s .  
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3.3 DATA MANAGEMENT 

The EVAS Data Management System (DMS) w i l l  be  c r i t i c a l  t o  t he  success, o p t i -  

miza t ion  of t asks  and e f f i c i e n c y ,  and safety f o r  a l l  Space S t a t i o n  EVA m i s -  

s i o n s ,  planned o r  unplanned. 

The E V A S  DMS w i l l  c o n s i s t  of va r ious  so f tware  and firmware packages t h a t ,  

depending on their  a p p l i c a t i o n ,  are r e s i d e n t  i n  t he  EVAS, t h e  Space S t a t i o n ,  

o r  both.  The EVAS DMS w i l l  permit t h e  EVAS t o  receive, access, nr t ransn? i t  

data from o r  t o  t he  Space S t a t i o n  Informat ion  and Data Management System 

(IDMS) v i a  RF o r  h a r d l i n e  communications. I t  w i l l  a l s o  enhance t h e  EVA crew- 

member's EVAS system monitor ing c a p a b i l i t y ,  enhance the Space S t a t i o n ' s  EVA 

monitor ing c a p a b i l i t y ,  suppor t  E V A S  memory management, and op t imize  t h e  u s e  of 

the EVAS and Space S t a t i o n  r e sources  t o  provide  real-time suppor t  t o  t h e  EVA 

miss ion  crewmember. 

A d d i t i o n a l l y ,  t h e  EVAS DMS w i l l  be  capable of recogniz ing  pa r t i a l  o r  complete  

data communications f a i l u r e  and w i l l  be capable  o f  provid ing  s u p p o r t ,  on an  

autonomous b a s i s ,  t o  a n  EVA crewmember i n  a c r i t i c a l  f a i l u r e  t o  ach ieve  a safe 

r e t u r n  o r  safe haven. 

Problems r e l a t i v e  t o  the  EVAS DMS capabi l i t i es  may develop because  of 

c o n s t r a i n t s  imposed on it by  t h e  des ign  and architecture o f  the  EVAS r e s i d e n t  

microprocessor  and memory and by the  l i m i t e d  i n t e r f a c e  c a p a b i l i t y  of t h e  EVA 

crewmember. 
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The fundamental  requi rements  t o  be imposed on t h e  EVAS Data Management System 

(DMS) are t h e , p r o v i s i o n  of Input/Output (I/O), Data Handling, and Systems 

Management capabi l i t i es  and t h e  a l l o c a t i o n  of these capabi l i t i es  t o  so f tware  

o r  firmware w i t h i n  t h e  E V A S ,  the  Space S t a t i o n ,  o r  both.  

To p rov ide  t h e  necessary  i n t e r f a c e  between t h e  EVAS p rocesso r ,  the  Space 

S t a t i o n  p rocesso r ,  and their corresponding fu l l -dup lex  t e l eme t ry  communica- 

t i o n s  sys tems,  an  110 Data Handling c a p a b i l i t y  is warranted.  During an  E V A ,  

telemetry data can c o n s i s t  of conmands, s t a t u s ,  software l o a d s ,  alarms, and 

o t h e r  data t y p e s  necessary  for  mission success  and safety.  

e f f i c i e n t l y  u s e  t he  communications system and maximize data t r a n s m i s s i o n  and 

r e c e p t i o n  c a p a b i l i t y ,  t h e  1/0 system s h a l l  be  capable of hand l ing  s e r i a l ,  

v a r i a b l e  l e n g t h ,  a lphanumeric  da ta  s t r i n g s .  A d d i t i o n a l l y ,  because c e r t a i n  

data can  be c r i t i c a l  o r  r o u t i n e ,  the  t r ansmiss ion  and r e c e p t i o n  c a p a b i l i t y  

should ex tend  t o  asynchronous or synchronous communications. 

To most 

During an EVA,  i t  is cons idered  probable  t h a t  t he  q u a l i t y  o r  completeness  of  a 

data sequence i n  t he  t ransmiss ion  o r  r e c e p t i o n  phase o f  communications may 

degrade o r  expe r i ence  s i g n a l  l o s s  f o r  brief pe r iods .  The re fo re ,  t o  p rec lude  

such a f a i l u r e  from caus ing  any p o s s i b l e  e r roneous  a c t i o n  o r  p o s s i b l e  process-  

ing  f a i l u r e s  due t o  t h e  rece ived  communications t e l e m e t r y ,  t h e  110 Data Han- 

d l i n g  system s h a l l  impose a v a l i d i t y  t es t  on a l l  communications. For t h o s e  

data sequences cons idered  l i f e  or miss ion  c r i t i c a l ,  a unique v a l i d i t y  tes t  

sequence s h a l l  be performed i n  an e f f i c i e n t  and e x p e d i t i o u s  manner. 
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Variations in data type, length, criticality, and priority are expected to 

exist within any EVA telemetry communications scenario. To support these 

communications variations and to optimize processing, unique telemetry data 

formats, using the judicious use of header words, are considered a necessary 

requirement on the 110 Data Handling system. 

tion, telemetry data shall be formatted or  unformatted so that necessary data 

characteristics are identified for processing. 

During transmission or recep- 

During an EVA, it is desirable to maximize the processing capability of the 

EVAS and the Space Station processor, while simultaneously reducing the proba- 

bility of telemetry data loss due to the receiving processor being utilized 

for other operations. To achieve such a goal, the EVAS DHS shall be required 

to use communications protocol techniques that will direct the receiving 110 

system to prepare for receipt of data. Additionally, such techniques, when 

developed, will permit an EVAS o r  Space Station processor that is not being 

addressed to continue its normal operations with the exception of an "ALL 

CALL" signal intended for reception at all processors other than the transmit- 

ting unit. 

Due to synchronization of signal and processing requirements inherent to 

synchronous communications of telemetry data, the EVAS resident DMS shall 

require a timing synchronization signal from the Space Station on a periodic 

basis. However, it should be noted, that the loss of such a timing Signal 

shall not prohibit the EVAS resident DMS from performing in an autonomous 

manner. 
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Because t h e  c a p a b i l i t y  t o  communicate data b i - d i r e c t i o n a l l y  between the  E V A S  

and the  Space S t a t i o n  is a safety concern ,  i t  is prudent  t o  r e q u i r e  t h a t  t h e  

EVAS DMS u s e  b i - d i r e c t i o n a l  Keep-Alive s i g n a l s .  These Keep-Alive s i g n a l s  

shall  be inco rpora t ed  wi th in  the  telemetry data communications on a p e r i o d i c  

basis t o  i d e n t i f y  t o  t h e  r ece iv ing  p rocesso r  t h e  cont inued  communications 

hea l th  of  t he  t r a n s m i t t i n g  system. Absence of  t h e  Keep-Alive ove r  some pre-  

de f ined  number of pe r iods  s h a l l  r e s u l t  i n  a n  alarm being  i s sued  t o  t h e  resi-  

d e n t  I V A  o r  EVA crewmember and a p p r o p r i a t e  a c t i o n  taken.  

telemetry data communications is t he  only  immediate f a i l u r e  t h a t  can  be de- 

duced f o r  such a s i g n a l  loss ,  o the r  fa i lures  such as a massive power f a i l u r e  

o r  extreme damage t o  t he  EVAS warrant  t h e  i n c o r p o r a t i o n  of  a Keep-Alive i n t o  

the  EVAS DMS. 

Although l o s s  Of 

I n  a d d i t i o n  t o  performing those 110 o p e r a t i o n s  necessary  t o  suppor t  telemetry 

communications du r ing  an EVA, t h e  EVAS DMS must provide  t h e  EVAS and the  Space 

S t a t i o n  t h e  c a p a b i l i t y  t o  perform t h o s e  o p e r a t i o n s  necessary  f o r  t he  e f f i c i e n t  

and safe performance o f  t h e  EVAS d u r i n g  its miss ion .  

t h e  EVAS DMS s h a l l  be r e q u i r e d  t o  provide  a complete Systems Management opera-  

To ach ieve  such a goal., 

t i o n s  environment v i a  t h e  development of so f tware  o r  firmware. T h i s  Systems 

Management o p e r a t i o n s  environment s h a l l ,  as a minimum, i n c l u d e  t h e  fo l lowing  

o p e r a t i n g  systems:  
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1. EVAS Monitoring and Control  - prov ides  t h e  EVAS DMS and t h e  Space 

S t a t i o n  the d i r e c t  i n t e r f a c e  t o  a l l  EVAS and EEU i n s t r u m e n t a t i o n  and 

command/control hardware f o r  data samples ,  s t a t u s e s ,  cornmand/control 

o p e r a t i o n s ,  f a u l t  de te rmina t ion  and annunc ia t ion ,  and a l l  EVAS resi- 

den t  c a u t i o n  and warning f u n c t i o n s .  

2. EVAS Systems - provides  t h e  EVAS DMS t h e  c a p a b i l i t y  t o  de te rmine  

systems health and status of  mis s ion - re l a t ed  parameters  f o r  update  t o  

the  EVA crewmember o r  t h e  Space S t a t i o n .  

a l s o  perform a l l  necessary memory. 

3.  EEU Guidance and Control  - prov ides  the  EVAS DMS t h e  c a p a b i l i t y  t o  

perform a l l  EEU o p e r a t i o n s  necessary  f o r  miss ion  s u c c e s s  and sa fe ty .  

4. Displays  Management - i n t e r f a c e s  a l l  EVAS DMS o p e r a t i o n s  t o  t h e  HUD 

whether EVAS o r  Space S t a t i o n  i n i t i a t e d .  

For the purpose of f u t u r e  growth and updates ,  the  above i d e n t i f i e d  o p e r a t i n g  

systems s h a l l  be  r e q u i r e d  t o  be modular. They s h a l l  a l so  use, where feasibie ,  

data  base techniques  i d e n t i c a l  t o  t h o s e  used on Space S t a t i o n  t o  reduce  i n t e r -  

face impacts  and t o  permit  program l o a d s  t o  most e f f i c i e n t l y  u s e  both t h e  EVAS 

and Space S t a t i o n  p rocesso r s .  
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Because the  E V A S  sys t em processor  w i l l  be  more l i m i t e d  i n  i ts  c a p a b i l i t i e s  

t h a n  those  a v a i l a b l e  on the  Space S t a t i o n ,  on ly  t h o s e  f u n c t i o n s  cons ide red  

c r i t i c a l  t o  E V A S  and E E U  o p e r a t i o n s  f o r  EVA crewmember s a f e t y  s h a l l  b e  re- 

q u i r e d  t o  be permanently resident i n  p r o t e c t e d  memory w i t h i n  the  E V A S  i n  t h e  

even t  autonomous E V A S  o p e r a t i o n s  become necessary .  A l s o ,  a l l  o p e r a t i o n s ,  

whether permanent o r  non-permanent i n  E V A S  r e s idency ,  s h a l l  b e  capab le  o f  

be ing  loaded i n t o  t he  E V A S  by t h e  Space S t a t i o n  and s h a l l  be r e q u i r e d  t o  

o p t i m a l l y  minimize the i r  demands on t h e  E V A S  p rocesso r  and memory. 

To minimize the  p o s s i b i l i t y  of da t a  l o s s  dur ing  any o p e r a t i o n  and t o  p rec lude  

p o s s i b l e  e r roneous  c r i t i c a l  func t ions  be ing  performed, the E V A S  DMS sha l l  be 

r e q u i r e d  t o  be  f a u l t  t o l e r a n t  and t o  be  designed w i t h  an  au tomat ic  e r r o r  

recovery  f e a t u r e .  An i n t e r n a l  mechanism o r  des ign  f e a t u r e  s h a l l  a l s o  be  

r e q u i r e d  t o  p r i o r i t i z e  and con t ro l  a l l  p rocess ing  o p e r a t i o n s  w i t h i n  t he  E V A S  

t o  maximize s a f e t y  c r i t i c a l  performance o b j e c t i v e s  and miss ion  s u c c e s s  objec-  

t i v e s .  

A s  an  added s a f e t y  feature  f o r  E V A S  DMS o p e r a t i o n s  wi th in  t h e  E V A S ,  de s ign  

r e s idency  of  a l l  l i f e -  and m i s s i o n - c r i t i c a l  a p p l i c a t i o n s  s h a l l ,  wherever pos- 

s i b l e ,  be i n  firmware. 
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RELIABILITY/MAINTAINABILITY 

To pe rmi t  ease of update  and inc rease  t h e  e f f i c i e n c y  of o p e r a t i o n s ,  t h e  EVAS 

DMS shal l  be r e q u i r e d  t o  be developed w i t h i n  those  TBD s t a n d a r d s  f o r  the Space 

S t a t i o n  Informat ion  and Data Management System; however, t hose  s t a n d a r d s  t h a t  

a d v e r s e l y  impact t h e  EVAS' process ing  c a p a b i l i t y  s h a l l  be  i d e n t i f i e d  and 

cons idered  f o r  except ion .  
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3 . 4  LOGISTICS 

INTRODUCTION 

EVAS l o g i s t i c s  can be considered under three broad c a t e g o r i e s :  

EEU l o g i s t i c s ,  and tool and a n c i l l a r y  equipment l o g i s t i c s .  Our approach t o  

examining these a r e a s  is t o  genera te  an o v e r a l l  l o g i s t i c s  phi losophy,  i nc lud -  

ing  a d e f i n i t i o n  of f i v e  gene r i c  c a t e g o r i e s  of spare par ts ,  and t o  a p p l y  t h i s  

phi losophy t o  t h e  s p e c i f i c  systems t o  estimate s p a r e s  and gene ra l  r e s u p p l y  

requi rements .  The result  is a p re l imina ry  estimate, based h e a v i l y  on c u r r e n t  

exper ience  wi th  similar s h u t t l e  systems,  of s t a t i o n  EVAS l o g i s t i c s  r e q u i r e -  

EMU l o g i s t i c s ,  

ments. 

DISCUSS1 ON 

The fo l lowing  a n a l y s i s  assumes t h a t  two crewmembers w i l l  be  performing EVA 

each day wi th in  the bounds of an 18-hour workweek f o r  each crewmember. I t  is 

assumed t h a t  t h i s  w i l l  be implemented v i a  two complete a i r l o c k s  suppor t ing  

f o u r  s e p a r a t e  EMU'S and two EEU's, with EVAS performed by  a t  least  f o u r  sepa- 

rate crewmembers. 

I n  d e f i n i n g  an  o v e r a l l  l o g i s t i c s  phi losophy,  i t  is f irst  necessary  t o  d e f i n e  

c a t e g o r i e s  of spare parts. Support i n  o r b i t  r e q u i r e s  the  fo l lowing  c a t e g o r i e s  

of O R U ' s :  



1 .  Scheduled maintenance items 

2. Regenerable O R U ' s  t o  support  qu ick  turnaround f o r  cont ingency EVA'S 

3. S i n g l e  use  and/or  low MTBF items 

4.  Select, damage-profie i tems 

5. S e l e c t ,  random f a i l u r e  items 

Scheduled maintenance O R U ' s  a r e  items w i t h  scheduled  replacement  i n t e r v a l s  t o  

ensu re  proper  equipment opera t ion .  

t h a t  EVA t o  suppor t  a 90-day mission w i l l  n o t  be c u r t a i l e d  by  running o u t  of 

these O R U ' s .  

beds,  and mechanisms t h a t  must b e  r ep laced  o r  a c t u a t e d  t o  ensu re  item in teg -  

r i t y .  They are no t  u s u a l l y  l i f e  c r i t i c a l ,  b u t  could  de l ay  scheduled mis s ion  

p l a n s  i f  no t  maintained.  

Spa res  a re  maintained a t  a l e v e l  t o  e n s u r e  

Examples of  t h i s  equipment inc lude  f i l t e r s ,  gas t raps ,  chemical 

Regenerable items are items t h a t  a f te r  o p e r a t i o n  r e q u i r e  r e g e n e r a t i o n  t o  

ensu re  peak ope ra t ion .  Spa res  i n  t h i s  c a t e g o r y  inc lude  bat ter ies ,  carbon 

d i o x i d e  removal modules, and hea t  s i n k  modules. Here spares are inaintained t o  

ensu re  t h a t  1-hour turnaround can be effected when cont ingency E V A  is r e q u i r e d  

wi th in  t h e  normal 12-hour r egene ra t ion  pe r iod .  Regenerated modules are re- 

tu rned  t o  inventory  af ter  s e r v i c i n g  is completed.  

S i n g l e  use/low MTBF i t ems  can be cons ide red  pe r sona l  and/or  expendable.  These 

items are u s u a l l y  l i f e - l imi t ed  o r  c rew-prefer red  items, such as u r i n e  C O l l e C -  

t i o n  dev ices ,  undergarments,  g loves ,  and s i z i n g  elements .  

-* 
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Selected damage-prone items a r e  items t h a t  through expe r i ence  o r  a n t i c i p a t i o n  

are spared f o r  p o t e n t i a l  damage occur rences  t ha t  could  a f f ec t  t h e  miss ion .  

Examples of t h i s  equipment inc lude  thermal garments ,  lower t o r s o  assemblies or 

elbow j o i n t s  t h a t  have no h i s t o r y  of  fa i lure ,  bu t  under adve r se  c o n d i t i o n s  

could s u s t a i n  u n d e s i r a b l e  damage and r e q u i r e  replacement .  

Selected random f a i l u r e  items a r e  EMU and s e r v i c e  equipment items that  must be 

replaced i n  t h e  even t  of f a i l u r e .  Items i n  t h i s  ca t egory  i n c l u d e  s e n s o r s ,  

s e r v i c e  equipment,  s o l e n o i d s ,  and communication equipment. Genera l ly  these 

are no t  l i f e - c r i t i ca l  items, b u t  mal func t ion  would r e s u l t  i n  EVA s o r t i e  a b o r t .  

On-orbit  replacement  is expected t o  be quick  and c o s t - e f f e c t i v e .  

As mentioned above t h e  Space S t a t i o n  w i l l  main ta in  f o u r  o p e r a t i o n a l  EMU'S and 

two o p e r a t i o n a l  EEU's supported by the fo l lowing  s p a r e s :  

1. S u f f i c i e n t  s p a r e s  t o  s a t i s f y  EVA crew personnel  s i z i n g  e lements  every  

90 days.  

S u f f i c i e n t  s p a r e s  t o  r ep lace  expendables  and low r e l i a b i l i t y  items 

( le33 than  0.999) f o r  a 90-day cycle.  

2. 

3. Four SCU assemblies. 

4. S u f f i c i e n t  qu ick  turnaround r echa rge l r egene rab le  items t o  e n s u r e  emer- 

gency c o n d i t i o n s  w i l l  be met i f  normal r echa rge / r egene ra t ion  c y c l e  

cannot  suppor t  contingency miss ion  needs.  

5. S u f f i c i e n t  spares t o  suppor t  s e r v i c e  equipment while on-orb i t .  
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A l l  items must be  cons idered  i n  t h e  90-day resupply  t o  account  f o r  unscheduled 

maintenance problems t h a t  occurred i n  t h e  prev ious  90-day pe r iod .  

Batteries are cons idered  resupply items because of their  u s u a l l y  low shelf  

l i f e .  A l l  t h e  ba t te r ies ,  inc luding  s p a r e s ,  w i l l  probably have t o  be replaced 

every  90 days.  

The s u i t  parts are cons idered  resupply  items because s i z i n g  c o n s i d e r a t i o n s  

w i l l  r e q u i r e  a n  inven to ry  r e v i s i o n ,  i nc lud ing  s p a r e s  every  90 days.  

The spares l ist  assumes t h a t  a s e t  of resupply  items is  provided p r i o r  t o  t h e  

f irst  90-day per iod  and r e supp l i ed  thereaf ter .  

O W ' S  may be components o r  modules depending on the  c a p a b i l i t y  of  t h e  subsys-  

tem ins t rumen ta t ion  t o  isolate  t h e  f a u l t .  F a i l u r e  d e t e c t i o n  f o r  each ORU Will 

r e q u i r e  added ins t rumen ta t ion  and informat ion  process ing  i n  t h e  EMU Caut ion 

and Warning System. 

Applying these d e f i n i t i o n s  t o  specific systems y i e l d s  t h e  s p a r e s  lists as 

descr ibed i n  t he  accompanying tables.  Table  1 l ists EMU s p a r e s ,  Table  2 lists 

EEU s p a r e s ,  and Table 3 l ists  spares f o r  t o o l s  and a n c i l l a r y  equipment.  
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TABLE 1 .  PROJECTED EMV SPARES REQUIREMENTS 

ON-ORBIT EMU SPARES - One time d e l i v e r y ;  r e p l e n i s h  as r equ i r ed  

ITEM 

EMU LSS 

scu 

Phase Change Heat Exchanger 

“ 2  Removal Canister 

cws 
DCM 

EVC 

QUANTITY 

2 

2 

2 

2 

1 

1 

1 

MASS kg (lbm) VOL. liters ( F t 3 )  

382U 3.5) 

57( 2.0) 

28( 1 .0)  

76(  2.7) 

3( 0 .1)  

6( 0.2) 

3( 0 .1)  

EMU RESUPPLY 90 DAYS - S i z e  sensi t ive,  damage prone, and l i m i t e d  l i f e  items 

ITEM QUANTITY MASS kg (lbm) VOL. liters ( F t 3 )  

SSA (less LCVG, CCA, UCD/ 

DFXT, 1 D B )  2 161 (354) 

F i l t e r s  1 Set .5( 1 )  

Batteries 8 218(480) 

CO2 Sensors  2 1 (  2)  

Gloves 10 34( 75) 

S u i t  Components As Required 79( 175) 

312( 11 )  

6 (  0.2)  

142( 5)  

6( 0.2) 

71( 2.5) 

127( 4.5) 
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UC D 

DACT 

Vomitus C o l l e c t o r  

I D B  

32 Maximum 

32 Maximum 

4 

2 

57( 2 )  

142( 5 )  

3( 0.1) 

1 4 (  0.5) 

ON-ORBIT SERVICE EQUIPMENT SPARES - One time d e l i v e r y ;  r e p l e n i s h  as r e q u i r e d  

ITEM 

Pump/Separator 

Power Supply/Bat tery Charger 

Fan 

FanISepara tor  

Solenoid  Valves 

Compressor Head 

Communicaton/Data I n t e r f a c e  

Equipment 

Regulator  

C o n t r o l l e r  

F i l t e r s  Miscel laneous 

QUANTITY MASS kg (lbm) VOL. liters (Ft3) 

1 

1 

1 

1 S e t  

6 (  0.2) 

1 4 (  0.5) 

6 (  0.2) 

6 (  0.2) 

.3(0.01)  

l A ( O . 0 5 )  

.6 ( 0  .O2) 

.6(0.02) 

6 (  0.2) 

6 (  0.2)  
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SERVICE EQUIPMENT RESUPPLY 90 DAYS - Limited l i f e  i t ems  

ITEM 

F i l t e r s  

QUANTITY MASS kg (lbm) VOL. liters (Ft3) 

1 Set 6 (  0.2) 
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ITEM 

TABLE 2. PROJECT EEU/FSS SPARES REQUIREMENTS 

SPARES R E Q U I R E D  PER YEAR 

C e n t r a l  E l e c t r o n i c s  Unit  ( 3 )  2 

Regulator  2 

I s o l a t i o n  Valve 2 

Thrus t e r  T r i ad  ( 2  RH & 2 LH) 4 

Quick  Disconnect F i t t i n g s  2 

EMU/MMU I n t e r f a c e  ( 3 )  1 

Contro l  A r m s  w i t h  Handcont ro l le rs  2 

Locator  L i g h t s  2 

L a p  Belt 2 

Small  Hardware S e t  ( 3 )  2 

B a t t e r i e s  ( 3 )  ( 4 )  4 

P a i n t  ( 3 )  1 

Velcro 1 

Lubr icant  (4) 1 

S e r v i c e  and C/O Connectors ( 3 )  2 

I n t e r n a l  Electrical Connectors ( 3 )  4 

I n t e r n a l  F l u i d  Connectors (3)  2 

P r o p e l l a n t  F i l te rs  (4) 80 

33000 

1500 

1400 

3000 

500 

1000 

155'30 

500 

500 

1100 

7900 

500 

500 

500 

500 

135 

270 

7 

9.1 

0.4 

1.3 

1.4 

0.5 

0.9 

4.6 

0.3 

0.5 

1 .o 

6.8 

0.5 

0.5 

0.5 

0.5 

0.3 

0.3 

0.1 

66000 18.2 

3000 0.8 

2800 2.6 

12000 5.6 

1000 1 .o 

1000 0.9 

31 ooo 9.2 

1000 0.6 

1000 

2200 

31 600 

500 

500 

500 

1000 

540 

5 40 

560 

1 .o 

2.0 

27.2 

0.5 

0.5 

0.5 

1 .o 

1.2 

0.6 

8 .O 
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C i r c u i t  Breakers 2 

Switches 2 

PLSS Latch ( 3 )  2 

FSS Latch ( 3 )  2 

Battery Latch ( 3 )  2 

Wire ( 3 )  3 

P r o p e l l a n t  Line  Repair  Mat'ls (3)  2 

P r o p e l l a n t  Vessel (3 )  2 

T o t a l s  

135 

135 

28 00 

550 

550 

1650 

260 

10000 

84392 

0.1 

0.1 

1 .o 

1 .o 

1 .o 

0.3 

0.7 

18.0 

51.9 

27 0 

270 

5600 

1100 

1100 

4950 

520 

20000 

19 0550 

0.2 

0.2 

2.0 

2.0 

2.0 

0.9 

1.4 

36.0 

125.1 

1. Volumes and masses are based on p r e s e n t l y  used MMU components. 

2. Volumes and masses are f o r  components on ly  and do no t  i n c l u d e  packing 

material and c o n t a i n e r s .  

3. Item d e f i n i t i o n  no t  s u f f i c i e n t l y  precise f o r  a n  exac t  volume and mass; 

t h e r e f o r e ,  volumes and masses are rough estimates. 

4. Resupply item. 
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ITEM 

TABLE 3. PROJECTED ANCILLARY EQUIPMENT SPARES REQUIREMENTS 

SPARES R E Q U I R E D  PER YEAR 

Saw Blades 

Trash Bags 

Nibbler  B i t s  

Sur face  Coating Materials 

D r i l l  B i t s  - S e t  

Welding Rods - Assortment 

Brazing Rods 

Grinder Pads - Assortment 

R ive t s  - Assortment 

F lu id  Connectors - Assortment 

E l e c t r i c a l  Connectors - Assortment 

Adhesive Tape - Rol ls  

Thermal I n s u l a t i o n  Material 

Gasket/Seal Mater ia l  

T i e  Wrap Assortment 

I D  Tags 

Teflon Tape - Roll 

Po t t ing  Compound - Can 

QTY 

10 

200 

10 

1 

1 

TOTAL 

VOLUME MASS 

(KG) ( C C )  

1 .o 

10.0 

0.5 

5.0 

1 .o 

2.0 

1.5 

1 .o 

1 

0.5 

0.5 

1.5 

2 .o 

0.1 

0.25 

0.1 

0.1 

1 .o 

60 

72000 

30 

4500 

45 0 

650 

650 

3600 

2000 

3000 

5000 

3200 

20000 

25 0 

500 

50 

100 

1000 
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ITEM 

Covera l l s  (EVA) 

Glove P r o t e c t o r s  

Fluid/Gas Sample Co l l ec t ion  

Vial 

Lubricant  

Epoxies 

S t r u c t u r a l  Repair M a t e r i a l s  

Fabr i c  Patch Mater ia l  

Leak Patch Mate r i a l  

Cleaner  Mater ia l  Prepreg Clothes  

E l e c t r i c a l  I n s u l a t i o n  Mate r i a l  

TOTAL 

MASS 

QTY (KC) 

8 

16 

50 

1 

4 

1 

1 

1 

200 

1 

2.0 

2 .o 

0.3 

0.5 

0.5 

1 .o 

2.0 

.75 

15 

1 .o 

VOLUME 

( C C )  

72000 

55000 

500 

500 

2000 

20000 

20000 

1600 

72000 

1000 

A l l  i tems a r e  s p a r e s  - resupply  a s  r e q u i r e d .  
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I n  a d d i t i o n  t o  t h e  above l o g i s t i c s  r equ i r emen t s ,  i t  w i l l  a l s o  be necessary  t o  

r e supp ly  p r o p e l l a n t  f o r  EVA maneuvering p ropu l s ion .  Two a l t e r n a t i v e s  are 

p o s s i b l e ,  as de f ined  i n  t h e  midterm r e p o r t .  

The f irst  a l t e r n a t i v e  assumes two d i f f e r e n t  maneuvering v e h i c l e s ,  t h e  EEU and 

a n  OMV-class v e h i c l e  (TUG) .  The maximum p r o j e c t e d  p r o p e l l a n t  u se  f o r  each 

v e h i c l e  was g iven  i n  the  midterm r e p o r t  as 1152 ki lograms p e r  year and 782 

ki lograms per year, r e s p e c t i v e l y .  A 20% overhead was added t o  account  f o r  

r e s i d u a l s  no t  a v a i l a b l e  f o r  use.  

180-day, and 360-day s u p p l i e s  of p r o p e l l a n t  are l i s t e d  i n  Table  4 under "Case 

1 "  f o r  f i v e  d i f f e r e n t  gaseous s ta te  s t o r a g e  p r e s s u r e s  and f o r  c ryogenic  l i q u i d  

The r e s u l t i n g  volumes r e q u i r e d  f o r  90-day, 

s t o r a g e .  

The second a l t e r n a t i v e  v e h i c l e  complement, Case 2 i n  Table 4, assumes t h a t  t h e  

EEU is t h e  s o l e  maneuvering v e h i c l e .  The maximum p r o p e l l a n t  consumption pe r  

y e a r  for  t h i s  case is estimated t o  be 4680 ki lograms p e r  yea r .  With t h e  20% 

overhead f o r  r e s i d u a l s ,  t h i s  f i g u r e  becomes 5620 ki lograms.  Table 4, Case 2 ,  

lists t h e  volume and spherical  r a d i u s  parameters  f o r  t h i s  mass of f u e l .  

larger amount o f  p r o p e l l a n t  r equ i r ed  f o r  t he  EEU-only v e h i c l e  complement is 

mainly a t t r i b u t a b l e  t o  t he  r e l a t i v e  i n e f f i c i e n c y  of a small v e h i c l e  handl ing  

b igger  payloads ,  as borne o u t  in  SOS s i m u l a t i o n s .  I n  these s i m u l a t i o n s ,  t h e  

larger  t h r u s t  moment arms of a larger v e h i c l e  ( t h e  TUG) were more e f f i c i e n t  i n  

c o n t r o l l i n g  v e h i c l e  r o t a t i o n s  in  t h e  a t t i t u d e  h o l d  mode and a l s o  provided  more 

c o n t r o l  a u t h o r i t y  and h ighe r  maneuvering p r e c i s i o n  than  t h e  smaller t h r u s t  

moment arms o f  t h e  smaller v e h i c l e  ( t h e  E E U ) .  

The 



TABLE 4. PROPELLANT STORAGE REQUIREMENTS ( 1 ) 

MASS SPHERICAL PRESSURE/ 

DAYS REQUIRED DENSITY VOLUME RADIUS STATE 

SUPPLY (KG) (2) (KGIM3) (M3) (3) (M) (3) KPA (PSI) 

CASE 1 (REFER TO TEXT) 

90 580.25 278.72 2.08 

302.75 1.91 

403.67 1.43 

470.69 1.23 

521.13 1.11 

791.31 .8 

180 

360 

1160.5 '338.33 4.16 

302.75 3.83 

403.67 2.87 

470.69 2.46 

521.13 2.22 

791.31 1.61 

2321 278.72 8.32 

302.75 7.66 

403.67 5.74 

.79 

.77 

.7 

.66 

.65 

.64 

.99 

.97 

.88 

-83 

083 

.81 

1.25 

1.21 

1.1 

24115 (3500)/GAS 

31 005 4500 1 /GAS 

41340 (6000)/CAS 

55120 (8000)/GAS 

68900 (10000)/GAS 

LIQUID/CRYO 

74115 (3500)lGAS 

31005 (4500)IGAS 

41340 (6000)/GAS 

55120 (8OOO)IGAS 

68900 (10000)/GAS 

LIQUID/CRYO 

241 15 ( 3500) /GAS 

31 005 (4500) /GAS 

41340 (6000)/GAS 
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55120 (8000)/GAS 

68900 (10000)/GAS 

470.69 4.93 1.05 

521.13 4.45 1.04 

781.31 3.22 1.01 LIQUI D/CRY 0 

CASE 2 (REFER TO TEXT) 

90 1405 278.72 

302.75 

403.67 

470.69 

521 .l3 

791 .31 

180 281 0 278.72 

302.75 

403.67 

470.69 

521 .13 

791.31 

360 5620 278.72 

302.75 

403.67 

5.04 

4.64 

3.48 

2.98 

2.69 

1.95 

10.08 

9.28 

6.96 

5.96 

5.39 

3 99 

20.16 

18.56 

13.92 

1.06 

1.03 

-9 3 

.89 

.88 

.86 

1.33 

1 .29 

1.18 

1.12 

1.12 

1.08 

1.67 

1.63 

1.48 

241 15 ( 3500) /GAS 

31 005 (4500 1 /GAS 

41340 (6000)/GAS 

55120 (8000)/GAS 

68900 (10000)/GAS 

LIQUIDICRYO 

241 15 (3500)/CAS 

31005 (4500)/GAS 

41340 (6000)/GAS 

55120 (8000)/GAS 

68900 (10000)/GAS 

LIQUIDICRYO 

24115 (3500)/GAS 1 
31005 (4500)/GAS 

41 340 (6000) /GAS 
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470.69 11.93 1 .41 

521.13 10.78 1.41 

791 .31 7.81 1.36 

551 20 (8000) / G A S  

68900 ( 1 0 0 0 0 ) / G A S  

L I Q U I  D/CRYO 

1.  G A S E O U S  S T A T E  DATA A S S U M E S  N I T R O G E N  A T  Z E R O  D E G R E E S  C E N T I G R A D E .  

2. B A S E D  ON P R O P E L L A N T  C O N S U M P T I O N  E S T I M A T E S  P R E S E N T E D  I N  T H E  M D T S C O  M I D T E R M  

R E P O R T ,  WITH 20% ADDED FOR R E S I D U A L S .  

3. L I Q U I D  S T A T E  VOLUMES AND R A D I I  COMPUTED F O R  110% O F  P R O P E L L A N T  VOLUME TO 

ACCOUNT F O R  VAPOR S P A C E .  
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Note tha t  t h e  spherical  r a d i i  given i n  Table 4 are i n s i d e  dimensions.  The 

t o t a l  volume occupied by t h e  con ta ine r  r e q u i r e s  t h e  a d d i t i o n  o f  t h e  c o n t a i n e r  

wall dimension, i n s u l a t i o n ,  and o u t e r  c o n t a i n e r s ,  as r equ i r ed .  Research 

i n d i c a t e s  t h a t  c ryogenic  c o n t a i n e r s  can normally on ly  be f i l l e d  t o  90% of 

maximum c a p a c i t y ,  due t o  vapor space. The re fo re ,  t h e  volumes f o r  t h e  cryo- 

g e n i c  media have been inc reased  by 10% t o  a l low f o r  the  vapor space. The 

corresponding r a d i i  re f lec t  t h i s  i n c r e a s e  i n  volume. 

A s  Table 4 i n d i c a t e s ,  two methods of s t o r i n g  t h e  p r o p e l l a n t  are  a v a i l a b l e .  The 

gaseous s t a t e  s t o r a g e  r e q u i r e s  a g r e a t e r  volume than  t h e  l i q u i d  s t o r a g e ,  b u t  

is less complex than  cryogenic  s t o r a g e  systems.  Another c o n s i d e r a t i o n  is t h e  

tendency of  c ryogenic  l i q u i d s  t o  r e t u r n  t o  t he  gaseous s t a t e  ( " b o i l  o f f " )  as 

the tempera ture  of  t h e  o u t e r  layers of l i q u i d  i n  t h e  c o n t a i n e r  warm. The b o i l  

o f f  phenomenon is normally dealt w i t h  i n  one of  two ways. 

the gas i f i ed  media t o  escape ,  i s  was te fu l  i n  t h e  space s t a t i o n  a p p l i c a t i o n ,  

especially with a n  estimated rate  of loss of 1 t o  3% of the  s t o r e d  mass p e r  

day. The second method, r ecyc l ing  the  gaseous b o i l  o f f  ( r e c o n v e r t i n g  i t  t o  a 

l i q u i d  and r e t u r n i n g  i t  t o  the  cryogenic  t a n k ) ,  is expens ive  i n  terms of 

system complexi ty  and power consumption. 

us ing  t h e  b o i l  o f f  t o  p r e s s u r i z e  a separate gas  c o n t a i n e r  f o r  v e h i c l e  

r s c h a r g i n g  and r e c y c l i n g  t h e  excess  back i n t o  the cryogenic  tank .  The q u a n t i t y  

of b o i l e d  o f f  gas  may not  be s u f f i c i e n t  t o  charge t h e  gas hold ing  tank rap- 

i d l y ,  however. An analogy may be  found i n  t he  Orbi te r  Power Reac tan t  S t o r a g e  

Assembly ( P R S A ) ,  wherein b o i l  off  from cryogenic  oxygen and hydrogen s t o r a g e  

The f irst ,  a l lowing  

A t h i r d  a l t e r n a t i v e  may be feasible ,  

c o n t a i n e r s  is used t o  supply 

i n s i d e  the  cryogenic  s t o r a g e  

the  f u e l  c e l l s .  I n  t he  o r b i t e r ,  heaters are used 

t a n k s  t o  speed t h e  l iqu id- to-gas  convers ion  
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process  t o  supply t h e  r e q u i r e d  gas f low r a t e s  t o  t h e  f u e l  ce l l s .  The same 

approach could  be used on-orb i t  if the  space s t a t i o n  uses  c ryogenic  s t o r a g e  t o  

f a c i l i t a t e  convers ion  of t h e  cryogenic  p r o p e l l a n t  t o  a gaseous s t a t e .  

I n  a d d i t i o n  t o  t h e  b o i l  o f f  dur ing  s t o r a g e  o n - o r b i t ,  a problem may e x i s t  

du r ing  the  pe r iod  from i n s t a l l a t i o n  of the charged cryogenic  c o n t a i n e r  i n  the 

o r b i t e r  payload bay u n t i l  a r r i v a l  a t  the  s t a t i o n .  I f  t h e  time is greater t h a n  

a few days ,  t he  q u a n t i t y  of gas i n  t h e  c o n t a i n e r  could s i g n i f i c a n t l y  i n c r e a s e  

t he  p r e s s u r e  i n s i d e  the  c o n t a i n e r ,  i f  i t  is no t  a l lowed t o  escape .  Simply 

a l lowing  t h e  b o i l  o f f  t o  escape i n s i d e  t h e  c l o s e d  payload bay could adve r se ly  

affect  o t h e r  payloads  i n  t h e  bay. A d d i t i o n a l l y ,  t h e  problem of s l o s h  i n  the 

p a r t i a l l y  f u l l  c o n t a i n e r  dur ing  launch  could have adverse  e f fec ts  on t h e  

launch  guidance and c o n t r o l  systems. 

pre- launch s t o r a g e  and launch  would consume l a r g e  amounts of  power f o r  t h e  

pumps and compressors  needed t o  r e - l i q u i f y  the  g a s .  Furthermore.  a d d i t i o n a l  

volume is r e q u i r e d  t o  s t o r e  t h e  c o o l i n g  agen t  used t o  r e - l i q u i f y  t he  gaseous 

p r o p e l l a n t  boi led o f f .  S ince  these c o o l a n t s  are normally cryogens t h a t  are 

conver ted  t o  gases i n  t h e  cool ing p r o c e s s ,  t h i s  t echn ique  raises t h e  problems 

of  s t o r a g e  and what t o  do w i t h  the used c o o l a n t .  

A system t o  recycle t h e  b o i l  o f f  d u r i n g  

1 n . c o n s i d e r i n g  t h e  above, t h e  bes t  approach appears t o  be t r a n s p o r t i n g  t h e  

p r o p e l l a n t  as a h igh  p r e s s u r e  gas.  The r e l a t i v e l y  s imple  s t o r a g e  r equ i r emen t s  

and lack of p r o p e l l a n t  s l o s h  a r e  t he  primary advantages.  On-orbit  s t o r a g e  

cou ld  use  e i ther  t h e  cryogenic/gaseous s t a t e  s t o r a g e  d i scussed  ear l ie r  o r  a 
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s i m p l e  h igh-pressure  gaseous s t a t e  s t o r a g e .  Again, t h e  r e l a t i v e  merits of 

system complexity and power requirements  must be  traded o f f  a g a i n s t  volume 

c o n s t r a i n t s .  

If i t  can be assumed that  two v e h i c l e s  w i l l  be used (Case 1 )  and i f  t h e  MDTSCO 

estimates fo r  c o l d  gas p r o p e l l a n t  consumption are a c c u r a t e ,  t h e n  i t  appea r s  

f eas ib l e  t o  t r a n s p o r t  a 1-year supply of g a s  t o  the  s t a t i o n  a t  a time. The 

r e l a t i v e  merits of t h i s  phi losophy i n c l u d e  more payload bay volume and more 

a v a i l a b l e  payload we igh t  f o r  o the r  u s e s  @I! two of three 90-day rest tpply 

sor t ies  and a p o t e n t i a l  r educ t ion  i n  t he  amount o f  time r e q u i r e d  'for t h e  

orb i te r  t o  be o n - s i t e  f o r  the  resupply o p e r a t i o n .  
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3.5 SAFE HAVEN 

A t  t he  nominal Space S t a t i o n  a l t i t u d e  and i n c l i n a t i o n ,  an EVA crewmember may 

be exposed t o  f a i r l y  h igh  l e v e l s  of par t ic le  r a d i a t i o n  as t h e  s t a t i o n  passes  

through the  South A t l a n t i c  Anomaly (SAA) i n  t he  Van Allen Radia t ion  Belts. 

These exposures  can qu ick ly  reach  safe limits i f  EVA is performed dur ing  t h i s  

time frame. S i m i l a r l y ,  So la r  F l a r e s  may o c c a s i o n a l l y  p re sen t  a r a d i a t i o n  

hazard t o  an EVA crewmember. Furthermore,  i f  an  EVA crewmember s u f f e r s  a 

c a t a s t r o p h i c  f a i l u r e  of h i s  EVAS a t  some d i s t a n c e  from t h e  p r e s s u r i z e d  p o r t i o n  

of t h e  Space S t a t i o n ,  he may be a t  a g r e a t  hazard.  

p r e s s u r i z a b l e  volume has been proposed as a s o l u t i o n  t o  t h e  c a t a s t r o p h i c  

problems. The fo l lowing  d i scuss ion  examines t h e  issues i n  more d e t a i l .  

An EVA safe haven 

I n  the  presence  of a very in t ense  S o l a r  Flare ( e .g . ,  1000 r a d ) ,  EVA must be 

abor t ed  and the  crewmember must r e t r e a t  t o  a safe haven w i t h  s h i e l d i n g  of a t  

least  10 gm/cm2. There is a t  l e a s t  a 30- t o  60-minute warning be fo re  such a 

S o l a r  Flare would reach  the  s t a t i o n .  

two t imes  i n  an  11-year c y c l e  and g e n e r a l l y  l a s t s  s e v e r a l  days.  I n t e n s e  ra- 

d i a t i o n  is l i m i t e d  t o  a few hours.  Most of t h e  time, t he  crewmember would be 

able t o  reach t h e  safety of t h e  s t a t i o n  b e f o r e  the  e f f e c t s  of t h e  f l a r e  would 

b e  f e l t .  The re fo re ,  no s a f e  haven appears  t o  be necessary  i n  t h i s  case .  

T h i s  t y p e  of a c t i v i t y  only occur s  one o r  

The passage of the South A t l a n t i c  Anomaly c o n s i s t s  of s i x  o r b i t s  t h a t  pass- 

through t h e  i n t e n s e  r a d i a t i o n  f i e l d  and then  fol lowed by n ine  o r b i t s  t h a t  

miss. The SAA pass-through consumes 15 minutes  of t ime pe r  each affected 

o r b i t .  T h i s ,  of course ,  w i l l  not  a f f e c t  t h e  EVA crewmember i f  t h e  EVA i s  done 
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dur ing  the  n i n e  o r b i t s  t h a t  do not pass- through the  SAA. 

l a s t s  approximately four  o r b i t s .  

t h e  las t  pass- through of t h e  SAA.  If t h e  EVA starts a t  t h e  same time every-  

day,  t h e  S A A  pe r iod  cou ld  be r e t r e a t i n g  back from the  EVA start time by 15 

minutes  each day. A t  t h e  same time, t h e  o t h e r  edge of  t h e  SAA would be creep- 

ing  up on the  EVA time a t  t h e  end o f  t h e  day. A t  the  end of  approximate ly  9 

weeks ,  t h e  SAA encounter  pe r iod  would approach t h e  EVA s topp ing  time. The EVA 

s chedu le  could  then  be s h i f t e d  t o  a g a i n  begin  j u s t  a f t e r  the  l a s t  S A A  pass-  

through,  i . e . ,  one work s h i f t  e a r l i e r .  The re fo re ,  i t  appea r s  t h a t  a n  EVA safe  

haven is n o t  r e q u i r e d  f o r  any r a d i a t i o n  p r o t e c t i o n  purposes .  

A normal 6-hour EVA 

The f irst  day of EVA cou ld  begin  j u s t  a f te r  

In case of a c a t a s t r o p h i c  f a i l u r e  such  as the  s u i t  becoming t o r n  o r  punctured ,  

t he  crewmember needs t o  r e a c h  a safe l o c a t i o n  quick ly .  

t o  be a p r e s s u r i z e d  safe haven tha t  has a l l  t h e  necessary  p r o v i s i o n s  where the  

crewmember can e i ther  r e p a i r  t he  s u i t  or b e  brought  back t o  t h e  station air- 

lock. 

I n  t h i s  case i t  needs 

I n  t he  case of  a n  i n c a p a c i t a t e d  crewmember due t o  space a d a p t a t i o n  syndrome, 

induced nausea,  o r  some o t h e r  major medical problem, a few minutes  d i f f e r e n c e  

i n  g e t t i n g  h e l p  could be enormously impor tan t .  

need t h i s  time t o  g e t  him t o  some p r e s s u r i z e d  safe  haven l o c a t i o n  where he can  

r e c e i v e  immediate t r ea tmen t .  

The crewmember's p a r t n e r  may 

An independent  safe haven, however, may no t  be r e q u i r e d ,  depending on what 

t ype  o f  t r a n s l a t i o n  s y s t e m  is available.  The crewmember needs a f a s t  means o f  
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t r a n s p o r t a t i o n  so  t h a t  he  can reach the s t a t i o n  a i r l o c k  qu ick ly  i n  a n  emer- 

gency. Th i s  t r a n s p o r t a t i o n  system can range  from a "dumbwaiter", which is 

permanently mounted a long  t h e  kee l ,  t o  an  EEU,  which would be worn a t  a l l  

times. Another p o s s i b i l i t y  is t o  r i d e  the  MRMS, b u t  t h i s  would be t o o  slow i n  

a n  emergency so  i t  should  be r u l e d  o u t .  

Based on the  c u r r e n t  r e f e r e n c e  c o n f i g u r a t i o n  of  t h e  space s t a t i o n  (modules and 

a i r l o c k  l o c a t e d  a t  t he  lower end o f  t he  k e e l ) ,  a crewmember can  be approxi -  

mately 400 f ee t  away from t h e  s t a t i o n  p r e s s u r i z e d  volume a t  t h e  time of  a n  

a c c i d e n t  o r  emergency. Depending on t h e  e x a c t  a c c i d e n t  p r o f i l e  o r  emergency 

c o n d i t i o n ,  he may only  have a very s h o r t  amount of time t o  reach a p r e s s u r i z e d  

area. With t h i s  time f a c t o r  being c r i t i c a l ,  even w i t h  a r a p i d  t r a n s l a t i o n  

dev ice  such  as a dumbwaiter, he may n o t  be able t o  reach t h e  s t a t i o n  i n t e r i o r  

i n  time. 

t o  t he  works i te .  It must have t h e  capability t o  he pressiir i7.ed v e r y  q u i c k l y .  

The crewmember might r e c e i v e  ear damage due t o  t h i s  r a p i d  p r e s s u r i z a t i o n ,  b u t  

he w i l l  have a much improved chance of su rv iv ing .  

b l e  v i a  the RMS, t h e n  it can be brought  from t h e  works i t e  t o  mate w i t h  t h e  

s t a t i o n  docking module w i t h  t h e  crewmember i n  a safe environment i n s i d e .  

The re fo re ,  hatch i n t e r f a c e  should be  developed t o  dock w i t h  t h e  s t a t i o n  

a i r l o c k  and/or  the s h u t t l e  docking p o r t  so t h a t  t h e  crewmember can t r a n s f e r  t o  

the s t a t i o n  i n t e r i o r  from t h e  s a f e  haven while remain ing  p r e s s u r i z e d .  

The re fo re ,  a p r e s s u r i z a b l e  safe  haven must be  as c l o s e  as p o s s i b l e  

I f  the safe haven is por ta -  

U t i l i t y  of the  EVA safe haven m u s t  b e  cons idered .  If the  f a i l u r e s  i t  is 

des igned  t o  p r o t e c t  against  are cons ide red  t o  be  so  u n l i k e l y  t h a t  t h e  r i s k  

i n c u r r e d  i n  n o t  having the safe haven is acceptable, t h e n  there is obvious ly  
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-$-I f o r  i t .  The o p p o s i t e  is a l s o  t rue .  a d e c i s i o n  m u s t  await f i r t h  '* 

E'IAS hardware d e f i n i t i o n  t o  allow be t t e r  a c c i d e n t / f a i l u r e  p r e d i c t i o n  and 

f u r t h e r  s a f e  haven d e f i n i t i o n  t o  allow p r e d i c t i o n  of safe haven cos ts .  
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3.6 Impact of  EVA Crewman Autonomy From Space S t a t i o n  And Ground For EVA T a s k s  

The degree t o  which t h e  EVA crew and t h e i r  suppor t ing  systems can  o p e r a t e  
autonomously from the Space S t a t i o n  and/or  t he  ground has  a direct  bea r ing  on  
how p roduc t ive  t h e  EVA crew can be,  C o s t s  of performing E V A ,  h e a v i l y  consid- 
ered i n  program planning  and a f a c t o r  i n  many des ign  d e c i s i o n s ,  are  a l s o  
affected by the amount of burdening suppor t  c o s t s .  The Space S ta t ion  opera- 
t i o n a l  environment i s  a t  t h e  same time both more demanding t h a n  previous  
programs were f o r  an autonomous EVA c a p a b i l i t y  and p o t e n t i a l l y  more conducive 
t o  r each ing  t h a t  goa l .  

Wi th  r e g a r d s  t o  E V A ,  autonomy has s e v e r a l  key a s p e c t s ,  each of which results 
i n  impor tan t  des ign  c o n s i d e r a t i o n s  f o r  the  EVAS and t h e i r  SS i n t e r f a c e s .  The 
most apparent  drawback of t he  S h u t t l e  E V A  c a p a b i l i t y  w i t h  regards t o  crewman 
autonomy is t h e  heavy dependence of t h e  EVA crewmen on the i r  des igna ted  I V  
a s s i s t a n t .  I V 1 ,  as he i s  des igna ted  i n  t he  check l i s t s ,  p rov ides  a s s i s t a n c e  i n  
EMIj donnirig, p rocedura l  a s s i s t a n c e  i n  moni tor ing  of p reb rea the  p r o t o c o l s ,  and 
g e n e r a l  c o o r d i n a t i n g  of EVA p r e p a r a t i o n  ac t iv i t i e s  w i t h  parallel  O r b i t e r  
a c t i v i t i e s ,  moni tor ing  and i n t e g r a t i o n  of crew ac t iv i t ies  dur ing  EVA f o r  both 
mis s ion  s u c c e s s  and crew s a f e t y ,  and a s s i s t i n g  t h e  crew on management of LSS 
consumables and moni tor ing  s t a t u s  of t h e  EMU. The more complex t h e  in t eg ra -  
t i o n  of the EVA a c t i v i t i e s ,  t h e  more demanding a re  t h e  chores  of the  I V  
he1 per. 

P r i o r  t o  STS launch ,  d u r i n g  t h e  miss ion  p lanning  pe r iod ,  c o n s i d e r a b l e  
r e s o u r c e s  are expended i n  miss ion  specific procedures  and hardware development 
and i n  crew t r a i n i n g  t o  achieve  t h e  l e v e l  of conf idence  necessa ry  t o  ensu re  
mis s ion  success  w i t h i n  the  l i m i t e d  c a p a b i l i t i e s  of a s i n g l e  STS mission.  T h i s  
i t e r a t i v e  and c o s t l y  p rocess ,  t h e  magnitude of which i s  d i r e c t l y  p r o p o r t i o n a l  
t o  t h e  complexi ty  of t h e  EVA mission,  resul ts  i n  t he  de t a i l ed ,  i n t e g r a t e d  
check l i s t  procedures  and crew t i m e l i n e s  t h a t  are used t o  o r c h e s t r a t e  t h e  real 
time EVA a c t i v i t i e s .  

During the  E V A  miss ion ,  a s i g n i f i c a n t  amount of ground-based r e s o u r c e s  are 
he ld  i n  a s tandby mode t o  ass i s t  the  crew i n  responding  t o  anomalous or 
unplanned c o n d i t i o n s  i n  a t i m e l y  f a sh ion  t o  f u r t h e r  ensu re  crew s a f e t y  and/or  
miss ion  success .  A d d i t i o n a l l y ,  due  t o  des ign  l i m i t a t i o n s  of t h e  
O r b i t e r / p a y l o a d  i n t e r f a c e s ,  some c r i t i ca l  procedura l  i n t e g r a t i o n  a c t i v i t i e s  
must be performed by ground-based personnel ,  which l e v i e s  a d d i t i o n a l  requi re -  
ments f o r  t he  schedu l ing  of E V A  tasks du r ing  ground communication coverage 
per iods .  T h i s  was e s p e c i a l l y  t r u e  du r ing  t h e  S o l a r  Max Repair Miss ion  on STS 
41-C where E V A  ac t iv i t i e s  had t o  be scheduled around t h e  ground ' s  c a p a b i l i t i e s  
t o  monitor  and conf igu re  t h e  spacecraft systems.  

So f a r  the  f a c t o r s  c i t e d  above i l l u s t r a t e  t he  need t o  improve EVA p r o d u c t i v i t y  
by l e s s e n i n g  the  dependency of t h e  EVA crew on  t h e  I V  crew and on  the ground 
for  the  accomplishment of t h e i r  E V A  mission.  These cases s e r v e  t o  i n d e n t i f y  
d e s i g n  requi rements  p r i m a r i l y  on-board SS sys tems,  real-time access t o  proce- 
dural  data by the EVA crew, and independence from ground suppor t  requi rements  
f o r  the  moni tor ing  and c o n f i g u r a t i o n  of  SS and payload systems.  To ma in ta in  
E V A  p r o d u c t i v i t y  over  s u s t a i n e d  pe r iods ,  on-orbi t r e q u i r e s  an a d d i t i o n a l  em- 
phas is  on machine autonomy from ground- based maintenance requi rements  not  o n l y  
through improved o r b i t  l i f e  and r e l i a b i l i t y  of des ign  but  a l s o  through t h e  
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i n c l u s i o n  of on-board performance monitor ing,  f a u l t  d e t e c t i o n  i s o l a t i o n  and 
r ecove ry  (FDIR)  c a p a b i l i t y ,  and proper p rov i s ion ing  of c r i t i c a l  s p a r e s  compo- 
nen t s .  

An a d d i t i o n a l  demand f o r  autonomy from the  ground, unique t o  t h e  SS opera- 
t i o n a l  environment,  r e s u l t s  from t h e  need t o  provide  some EVA crew t r a i n i n g  
c a p a b i l i t y  on-board. The a b i l i t y  t o  perform de ta i l ed  mis s ion  s p e c i f i c  t ra iw 
i n g  tha t  covers  a l l  a n t i c i p a t e d  mission needs  f o r  any given crew cycle w i l l  
s imply  n o t  e x i s t .  SS crew task t r a i n i n g  w i l l  emphasize development of g e n e r i c  
EVA s k i l l s  and t echn iques  t h a t  a r e  combined o r r o r b i t  t o  accomplish s p e c i f i c  
tasks.  Any miss ion  spec i f ic  aspects w i l l  be developed as p a r t  of t h e  E V A  
p l ann ing  f u n c t i o n ,  suppor ted  by omboard  data bases and p lanning  a ids ,  t o  
a c q u a i n t  t h e  crew w i t h  sequence c r i t i ca l  steps and necessa ry  i n t e g r a t i o n  of  
s t e p s  with o t h e r  payload o r  SS system cons ide ra t ions .  EVAS s y s t e m s  t r a i n i n g  
performed on the  ground w i l l  be c o n t i n u a l l y  and f r e q u e n t l y  r e i n f o r c e d  i n  
performance of r o u t i n e  EVA. P ro f i c i ency  maintenance t r a i n i n g  on off-nominal 
and emergency sys tems procedures ,  however, w i l l  have t o  be suppor ted ,  1 i k e l y  
i n  a p a r t - t a s k  f a s h i o n ,  by c m p u t e r  aided i n s t r u c t i o n  ( C A I )  c a p a b i l i t i e s  of 
t h e  SS DMS, accessed through the  s t anda rd  crew works t a t ions .  Such a system 
w i l l  p rov ide  refresher t r a i n i n g  and p r o f i c i e n c y  maintenance t r a i n i n g  over  all 
c r i t i c a l  EVA sys t ems .  

The above requi rements  would most l i k e l y  be implemented as fo l lows .  To re- 
l i e v e  an  I V  crewmember of t h e  burden of a c t i n g  as EVA mon i to r ,  an e x p e r t  
system E V A  monitor would be required,  most l i k e l y  1-esident i n  t h e  SS DMS. T h i s  
e x p e r t  system would monitor  EVA crewmember hea l th ,  EVAS system s t a t u s ,  and 
a s s o c i a t e d  space  s t a t i o n  and payload s t a t u s  and take a p p r o p r i a t e  a c t i o n  as 
determined by t h e  s y s t e m  programmers. 
ou t  of t o l e r a n c e  c o n d i t i o n s  and i n  some i n s t a n c e s  begin  the  proper  r e sponse  
f o r  d e a l i n g  w i t h  such  cond i t ions  by d i s p l a y i n g  proper  procedures  f o r  affected 
crewmember and/or p o s s i b l y  t a k i n g  l imi t ed  independent  a c t i o n .  The e x p e r t  
system EVA monitor would a l s o  i n t e r f a c e  w i t h  t h e  EVA crewmembers t o  p rov ide  
r e q u i r e d  data o r  l i m i t e d  a c t i o n s  during t h e  cour se  of an ZVA. The data could  
be procedures ,  payload system s t a t u s  parameters ,  and informat ion  p rocess ing  
s e r v i c e s .  Act ions could  be l i m i t e d  s t a t i o n  or  payload hardware o p e r a t i o n  on  
command of t h e  EVA crewmember, software r e c o n f i g u r a t i o n ,  o r  similar task  
performance. 

Fo r  i n s t a n c e ,  it would sound alarms f o r  

C l o s e l y  related t o  t h e  e x p e r t  sys tem E V A  monitor would be an expe r t  system E V A  
p lanner ,  T h i s  e n t i t y  would be used  t o  r e l i e v e  ground suppor t  personnel  of t h e  
t a sk  of  p lanning  EVAS and could  be used both  f o r  immediate day-to-day p lanning  
and f o r  l onge r  r ange  l l s t r a t e g i c "  planning and schedul ing .  I t  could  be used t o  
g e n e r a t e  t i m e l i n e s  and equipment l i s ts ,  and t o g e t h e r  w i t h  t he  e x p e r t  moni tor ,  
i t  could  keep t rack  of l o g i s t i c s  data and o t h e r  EVA o p e r a t i o n a l  data as r e  
qui  red. 

To fur ther  r e l i e v e  ground suppor t  personnel of t he  burden of E V A  suppor t ,  a n  
exper't system d i a g n o s t i c i a n  capab le  of being p r o g r a m e d  w i t h  t he  characteris- 
t i c s  of a l l  payload,  space s t a t i o n ,  and EVAS hardware deemed a p p r o p r i a t e  
should  be cons t ruc ted .  T h i s  system would take the  place of t he  ground-based 
Systems e x p e r t  and would r e l i e v e  the  t r a i n i n g  requi rements  on t h e  crew by 
a l lowing  them t o  s e r v i c e  equipment without becoming v i r t u a l  e x p e r t s  on  the  
system. 
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A l l  of the  above s y s t e m s  are p o s t u l a t e d  on t h e  basis of a space s t a t i o n  DMS 
o rgan ized  and c o n s t r u c t e d  i n  such  a way as t o  make all c h e c k l i s t s ,  miss ion  
a ids  ( such  as photographs of hardware under c o n s i d e r a t i o n  o r  s p e c i f i c a t i o n s  of 
t h a t  same hardware), and any e x p e r t  sys t em o r  o t h e r  so f tware  h e l p  as required 
immediately a v a i l a b l e  t o  t h e  EVA crewmember. I t  i s  assumed t h a t  proper  re- 
search and t e s t i n g  would be performed t o  ensu re  t h a t  e v e r y t h i n g  r e q u i r e d  f o r  
autonomous o p e r a t i o n  was indeed  a v a i l a b l e  and re l iable .  

Beyond t h e  so f tware  and data management realms descr ibed above,  c e r t a i n  hard- 
ware o r  mixed hardware/sof tware requi rements  e x i s t .  

For  p roduc t ive  EVA o p e r a t i o n  wi th  minimal I V  crew impact ,  a se l f - con ta ined  
EVAS automated s e r v i c i n g ,  checkout ,  and t r o u b l e s h o o t i n g  c a p a b i l i t y  i s  
r e q u i r e d .  The EVA crewmember should be a b l e  t o  doff t h e  EEU o r  EMU, p o s s i b l y  
make some umbilical connec t ions  manually,  and then  l e a v e  t h e  automated 
s e r v i c e r  t o  check t h e  equipment f o r  mal func t ions ,  t roub le shoo t  any found and  
take o t h e r  a p p r o p r i a t e  a c t i o n ,  ar;d s e r v i c e  consiiiiiab:es or r egene rab le s  as 
r e q u i r e d .  

I n  con junc t ion  w i t h  the  above automatic  s e r v i c e r ,  t he  EVAS must be des igned  
f o r  e a s y  o n - o r b i t  checkout ,  s e r v i c i n g ,  and maintenance. T h i s  is e s p e c i a l l y  
t r u e  w i t h  regards t o  r e l i e v i n g  the requi rements  f o r  massive checks and tests 
c u r r e n t l y  performed by ground support  personnel  after eve ry  use  of t h e  e q u i p  
ment. The s e r v i c e r ,  above,  w i l l  perform a l l  nominal checks a u t o m a t i c a l l y  
wi thout  needing  t o  d i s t u r b  any crewmember. Any off-nominal c o n d i t i o n s  requir- 
i n g  crewmember i n t e r v e n t i o n  should  be handled qu ick ly  and e a s i l y ,  based on 
t r o u b l e s h o o t i n g  also performed au tomat i ca l ly  by t h e  s e r v i c e r .  

Anomer area of EVAS autonomy impact is t na t  of CMU aonning a n a  aor 'r ing.  Tne 
EMU should  possess  a t r u l y  se l f -donning/doff ing  crew enc losu re ,  meaning t h a t  
the i n d i v i d u a l  EV crewmember should be ab le  t o  don or doff the EMU wi thout  
o u t s i d e  help.  T h i s  w i l l  r e l i e v e  the  IV crew of provid ing  such  h e l p  and, w i t h  
the other sys tems above, e n a b l e  t o t a l l y  autonomous E V A  ope ra t ions .  

Another area of autonomy impac t  o n  the  EVAS is the requi rement  f o r  s t r a n d e d  
crewmember rescue .  If a crewmember l o s e s  c o n t a c t  w i t h  t h e  space s t a t i o n  
s t r u c t u r e  and becomes s t r a n d e d  away from i t ,  t h e  EVAS must possess  t h e  capa- 
b i l i t y  t o  r e scue  t h a t  crewmember. A l ine- thrower  f i r e d  by t h e  s t r a n d e d  crew- 
member o r  a f r e e - f l y i n g  r e s c u e  veh ic l e  on t h e  o rde r  of t h e  EEU have been 
proposed as s o l u t i o n s  t o  t h i s  problem, but  much more work i s  r e q u i r e d  f o r  a 
r e s o l u t i o n .  

C e r t a i n  r i s k s  are a s s o c i a t e d  w i t h  t h e  above requi rements .  Ar t i f i c i a l  i n t e l l i - .  
gence is a r e l a t i v e l y  new and unexplored f i e l d .  Therefore ,  t h e  e x a c t  charac- 
te r i s t ics  and capabi l i t i es  of the r e q u i r e d  e x p e r t  sys tems are  d i f f i c u l t  t o  
d e f i n e  c u r r e n t l y .  I t  seems reasonable  t h a t  t h e y  should  be w i t h i n  t h e  s t a t e  of 
the  a r t  when needed f o r  space s t a t i o n  o p e r a t i o n ,  bu t  actual e v e n t s  could prove 
o therwise .  Furthermore,  unan t i c ipa t ed  e v e n t s  o r  sequences of e v e n t s  d u r i n g  
a c t u a l  o p e r a t i o n s  could  lead  t o  hazardous s i t u a t i o n s  w i t h  which the  autonomous 
system could  not  cope, t h u s  endangering t h e  crew. The problem would arise i f  
the autonomous system ei ther  d i d  not recognize  a harzardous  c o n d i t i o n  o r  
responded i n a p p r o p r i a t e l y ,  caus ing  or a l lowing  the s i t u a t i o n  t o  d e t e r i o r a t e  t o  
an unacceptab le  degree. Some measure of safety can  be o b t a i n e d  by o p e r a t i n g  



t h e  autonomous sys t em on ly  i n  t h e  presence of human mon i to r s  f o r  t h e  f irst  few 
months of o p e r a t i o n ,  bu t  t h i s  would not  e n s u r e  t h a t  a l l  d i f f i c u l t i e s  had been 
r e s o l v e d  be fo re  t h e  aUtOnOmOUS system became t r u l y  autonomous. 
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3 . 7  SPACE STATION I N T E R I O R  REQUIREMENTS 

Space s t a t i o n  i n t e r i o r  requi rements  r e f e r s  t o  accommodations f o r  t he  EVAS,  

i n t e r i o r  t o  the  space  s t a t i o n  p r e s s u r i z e d  volume. T h i s  is cons ide red ,  f o r  

purposes  of t h i s  e v a l u a t i o n ,  t o  be separate from t h e  a i r l o c k  and t h e  l o g i s t i c s  

module. 

module should  no t  be d u p l i c a t e d  i n  t h e  space  s t a t i o n  i n t e r i o r .  

Thus any s e r v i c e s  o r  stowage s u p p l i e d  by t h e  a i r l o c k  o r  l o g i s t i c s  

Space s t a t i o n  suppor t  requi rements  fall i n t o  t h e  fo l lowing  major c a t e g o r i e s :  

1 .  S e r v i c i n g  

2. Maintenance 

3. Checkout 

4. Prep and Pos t  

5. Stowage (of  EVAS s p a r e s )  

For purposes  of t h i s  r e p o r t ,  t h e  space s t a t i o n  can p rov ide  t h e s e  f u n c t i o n s  i n  

three areas: 

1 .  Air lock  

2.  L o g i s t i c s  Module 

3. Space S t a t i o n  I n t e r i o r  (Common Modules) 

There is c o n s i d e r a b l e  p o s s i b l e  over lap  i n  how these f u n c t i o n s  can be a l l o c a t e d  

t o  t h e  p o s s i b l e  l o c a t i o n s .  The first step then  is t o  perform the  sugges t ed  

a l l o c a t  ion  : 
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1 .  Ai r lock  

a. Se rv ic ing  

b.  Checkout 

c. Prep and Pos t  

2. L o g i s t i c s  Module 

a. Stowage (of  EVAS Spares)  

3. Space S t a t i o n  I n t e r i o r  

a. Maintenance 

The maintenance f u n c t i o n s  t o  be performed in t h e  space  s t a t i o n  i n t e r i o r  in- 

volve s t anda rd  scheduled maintenance and repair  of any components found neces- 

sary by  checkout i n  the a i r l o c k .  The major d i v i s i o n s  of t he  E V A S  on which 

t h i s  maintenance is t o  b e  performed are: 

1 .  Crew Enclosure 

2. L i fe  Support  System 

3. Propuls ion System 

4. EVA Tools  

Maintenance and repair equipment f o r  the L i f e  Support  Sys tem,  P rcpu l s ion  

System, and EVAS t o o l s  involves  t h a t  equipment needed f o r  e v a l u a t i o n  and 

repair of e l e c t r i c a l / m e c h a n i c a l  systems. T h i s  equipment inc ludes :  screw- 

d r i v e r s ,  clamps, am meters ,  v o l t  meters, and s o l d e r i n g  equipment. If proper  
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des ign  work is  done i n  advance, much, i f  no t  a l l ,  of  t h i s  equipment can be 

common w i t h  I V  t o o l s  and equipment. I n  a d d i t i o n ,  any e x t r a  equipment f o r  

s a f i n g  of h igh  p r e s s u r e  systems while  working on them I V  w i l l  b e  needed. 

Both the  L i f e  Support  and Propuls ion Systems w i l l  r e q u i r e  mounting p o s i t i o n s  

t o  s e c u r e  them while  t h e y  are worked on. 

access t o  the  u n i t s  from a l l  p e r t i n e n t  ang le s .  

These mountings should  a l l o w  easy 

C l e a n l i n e s s  l e v e l s  f o r  bo th  the  Life Support  and P ropu l s i cn  Systems are only  

g e n e r a l l y  c l e a n  ( a s  f o r  t h e  crew e n c l o s u r e  and EVA t o o l s ) .  The excep t ion  t o  

t h i s  w i l l  be  on t h e  Life Support System oxygen subsystem. Here a c l e a n l i n e s s  

o f  10,000 w i l l  be r e q u i r e d  whenever p r e s s u r i z a t i o n  above 500 p s i  is accom- 

p l i  shed. 

Maintenance and r e p a i r  of the  crew enc!lo.sura vi11 I n v o l v e  bear:ing ana  l o w  

maintenance and repa i r / rep lacement  o f  any l e a k i n g  s u i t  components. Again, u s e  

of s t a n d a r d  I V  s c rewdr ive r s  and o t h e r  t o o l s  should  be  possible .  

I n  d i s c u s s i n g  the crew enc losu re ,  i t  should  be noted  t h a t  t h e  most d i f f i c u l t  

problem could be i s o l a t i n g  the source  of  a leak. 

inc lude  l e a k  teck,  ha logen  d e t e c t o r ,  and i n d i v i d u a l  pressure tes t  on s u i t  

components. These methods a r e  used on t h e  ground only  and are e i the r  n o t  

s u i t a b l e  o r  i n e f f e c t i v e  for space s t a t i o n  use .  

Procedures  c u r r e n t l y  i n  u s e  
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Leak teck  invo lves  u s e  of a soapy l i q u i d  app l i ed  over t h e  a r e a  of a suspec ted  

l e a k .  It is e f f e c t i v e  only  if the  a r e a  i n  which t h e  leak  is l o c a t e d  is a l -  

ready known. 

Halogen d e t e c t o r s  can be used o n l y  i f  f r eon  is pumped i n t o  t h e  s u i t .  The 

d e t e c t o r  r e a c t s  t o  t h e  f r eon  s e t t i n g  o f f  a loud n o i s e  a t  t h e  p o i n t  of t h e  

l eak .  Use of f r eon  i n  t h e  closed environment of t h e  s t a t i o n ,  however, would 

have t o  be extremely r e s t r i c t e d .  

P res su re  t e s t i n g  of components (arms,  l e g s ,  e t c . )  is e f f e c t i v e  but  r e q u i r e s  a 

t e s t  s tand  and equipment (mounting f i x t u r e s ,  t e s t  p l u g s ,  e t c . ) .  T h i s  equip-  

ment has p e n a l t i e s  i n  terms of power, volume, and mass. T h i s  procedure would 

a l s o  consume a good d e a l  of I V  crew t ime.  

TI,. -I - A  L 1 -  - - - 
IU C A I  G W I I V ~ I I L  ~11eae pr=oblems, a new apprudch  tu LedK deteciiori  i n  t h e  crew 

enc losu re  is sugges ted .  

w i l l  be a t  l e a s t  s u b t l y  d i f f e r e n t  i n  temperature  from ambient i n  t h e  a i r l o c k ,  

an  i n f r a r e d  d e t e c t i o n  system f o r  l e a k  d e t e c t i o n  should be p r a c t i c a l .  

d e t e c t o r  could be e i t h e r  a scope o r  v ideo  camera, and t h e  leak  i s o l a t i o n  could 

be done in t he  a i r l o c k  don/doff a r e a .  

S ince  the  oxygen pumped i n t o  t h e  s u i t  f o r  l eak  checks 

The 
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3.8 SPACE STATION EXTERIOR 

T h i s  s tudy  was under taken  t o  i d e n t i f y  i n t e r f a c e  requi rements  f o r  I O C  Space 

S t a t i o n  e x t e r i o r  Opera t ions .  The o b j e c t i v e  of t h i s  s tudy  is t o  d e f i n e  the  

o p e r a t i o n a l  requi rements  t h a t  should be  cons ide red  p r i o r  t o  d e s i g n  of t h e  

s t a t i o n  e x t e r i o r ,  EVA works ta t ion ,  and m o b i l i t y  a ids .  

STS expe r i ence  has  demonstrated t h a t  on-orb i t  r e p a i r ,  s e r v i c i n g ,  and mainte- 

nance of s p a c e c r a f t  is more cos t  e f f e c t i v e  than  r e t u r n i n g  the v e h i c l e  t o  t h e  

ground f o r  work .  I n  t h e  case of t h e  space  s t a t i o n  and o t h e r  s a t e l l i t e s  i n  

o r b i t  dur ing  t h a t  time frame, r o u t i n e  and cont ingency  r e p a i r s ,  maintenance,  

and s e r v i c i n g  w i l l  be accomplished on-orb i t .  To f a c i l i t a t e  on-orb i t  s e r v i c i n g  

and r e p a i r ,  subsystem and component des ign  and t h e  o v e r a l l  des ign  of t h e  space 

s t a t i o n  and other o r b i t i n g  v e h i c l e s  should be  compat ib le  wi th  EVA i n  g e n e r a l  

and with EVA s e r v i c i n g  i n  p a r t i c u l a r .  

This  s e c t i o n  d i s c u s s e s  space  s t a t i o n  e x t e r i o r  des ign  f o r  i n t e r f a c e  w i t h  t he  

EVAS sys tem,  an  area where c o m p a t i b i l i t y  is of  great concern.  

be  broken up i n t o  f i v e  subca tegor i e s :  

T h i s  area can  

1 .  EVA Access Requirements 

2. EVA Workstat ion Design 

3.  Dependent L i f e  Support  Subsystem 

4 .  EVA S to rage  

5. Ex te rna l  S a f e t y  Requirements 
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The fo l lowing  s e c t i o n s  address each of t he  f i v e  c a t e g o r i e s  i n  t u r n .  

EVA Access Requirements 

EVA o p e r a t i o n s  should have access  t o  a l l  e x t e r i o r  a r e a s  of t he  space s t a t i o n  

f o r  s t a t i o n  and s p a c e c r a f t  assembly o r  s e r v i c i n g .  Handholds and h a n d r a i l s  

W i l l  be  r e q u i r e d  f o r  t r a n s l a t i o n  t o  and p o s i t i o n i n g  a t  any l o c a t i o n  on the  

e x t e r i o r  of t h e  space  s t a t i o n .  

ing  the crewmember t o  and from h i s  works i te  w i l l  mean less time s p e n t  on 

unproduct ive  t r a n s l a t i o n  a c t i v i t i e s  and more time f o r  t a s k  performance. 

t h a n  one t y p e  of such mob i l i t y  hardware may be r e q u i r e d  t o  enable  e f f i c i e n t  

t r a n s p o r t  of small and large items. 

as  s ta ted above, b u t  o t h e r  a ids  similar t o  t h e  c u r r e n t  s h u t t l e  EVA S l i d e w i r e  

o r  more s o p h i s t i c a t e d  d e v i c e s ,  p o s s i b l y  motor-dr iven,  such as " c l o t h e s l i n e "  o r  

"durnhwai t.pr" c~ncept-9,  will ~pcpscary  fer r i p i d ,  eff ic ief i t  t r a n s l a t i a n  over 

major space s t a t i o n  d i s t a n c e s .  

t i o n  v i a  the EEU was cons idered  as a p o s s i b l e  s o l u t i o n  t o  t h i s  las t  q u e s t i o n ,  

b u t  was dismissed because it requ i r ed  l a r g e  ( r e a d  extremely c o s t l y )  amounts of 

p r o p e l l a n t  f o r  nominal t r a n s l a t i o n s .  

P rov i s ion  of an  e f f e c t i v e  means of  t r a n s p o r t -  

More 

Handra i l s  c o n s t i t u t e  t h e  basic p r o v i s i o n ,  

I t  should be noted t h a t  f r e e - f l y i n g  t r a n s l a -  

- EVA ' r lorkstat ion Design 

A s a t e l l i t e  s e r v i c i n g  workstat ion w i l l  be r e q u i r e d  t o  manipula te ,  p o s i t i o n ,  

and s e r v i c e  said s p a c e c r a f t  while  i n  EVA and can be used t o  s e r v i c e  o t h e r  

large modules, as r equ i r ed .  The works t a t ion  should have s t a n d a r d  i n t e r f a c e s  

tha t  accommodate r e q u i r e d  t o o l s  and EVA mob i l i t y  and p o s i t i o n i n g  a ids  ( such  as 
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a p o r t a b l e  f o o t  r e s t r a i n t )  t o  maximize EVA crew p r o d u c t i v i t y .  

t i o n  w i l l  p rov ide  its own r e s t r a i n t s ,  e i ther  f i x e d  o r  portable,  as well as 

p r o v i s i o n s  f o r  s t o r i n g  and r e s t r a i n i n g  t o o l s ,  spare p a r t s ,  and v e h i c l e  compo- 

n e n t s  du r ing  t h e  main tenance l repa i r  a c t i v i t y .  

The work s ta -  a 

The works t a t ion  mus t ,  a s  a minimum, accommodate s e r v i c i n g  of  t h e  Hubble Space 

Telescope  a t  the large end of the  spectrum, b u t  be capable  o f  r e s t r a i n i n g  an  

EEU C e n t r a l  E l e c t r o n i c s  Unit  f o r  maintenance a t  t he  small end. I t  must a l l o w  

maximum f l e x i b i l i t y  i n  p o s i t i o n i n g  and r e s t r a i n i n g  t h e  item under r P p a i r .  

The works t a t ion  should  i n t e r f a c e  w i t h  au tomat ic  tes t  equipment r e s i d e n t  i n  t h e  

s t a t i o n  (probably  t h e  s t a t i o n  DMS) f o r  spacecraft and component d i a g n o s i s ,  

t es t ,  and checkout .  

Dependent Life Suppor t  Subsystem 

A Dependent Life Support  Subsystem (DLSS), o r  EVA u m b i l i c a l  as i t  is u s u a l l y  

called,  is j u s t i f i e d  on two accounts .  F i r s t ,  i t  may be necessary  t o  ex tend  a n  

EVA beyond t h e  c a p a b i l i t y  of t he  E M U ' S  s e l f - con ta ined  l i f e  s u p p o r t  subsystem. 

This s i t u a t i o n  could  especially a r i se  i f  a r e g e n e r a b l e  system were down-sized 

t o  l i m i t  t h e  volume of  t h e  ou te r  s h e l l  of  the  LSS, making the  EMU less cumber- 

some and bulky bu t  a l s o  lowering t h e  a l lowab le  independent  EVA time. It i S  

S t i l l  debatable as t o  whether or n o t  such  a down-sizing w i l l  be  necessa ry ,  bu t  

i f  i t  i s ,  a dependent l i f e  support  c a p a b i l i t y ,  v i a  a n  u m b i l i c a l ,  w i l l  cer- 

t a i n l y  be necessary .  
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The second j u s t i f i c a t i o n  f o r  a DLSS is t h a t  i t  can  be made t o  be f u l l y  s e l f -  

c o n t a i n e d ,  t h a t  is, wi thout  any e f f l u e n t s ,  s o  t h a t  i t  would n o t  contaminate  

any s e n s i t i v e  payloads o r  ins t ruments  while o p e r a t i n g .  If t h e  EMU LSS is 

f u l l y  se l f - con ta ined  anyway, then the  DLSS may n o t  be  a n  advantage  ove r  i t .  

Beyond t h i s ,  there is a good dea l  of concern t h a t  t h e  normal leak ra te  of the  

EMU C r e w  Enclosure  may be such tha t  i t  a l o n e  p rov ides  more contaminat ion  t h a n  

many pieces of equipment can t o l e r a t e .  

Furt-her desigr! detiils ar ,  r a t h e r ,  mcre ma tu r i ty  ef t h e  space s t a t i o n  EMU is 

r e q u i r e d  b e f o r e  a d e c i s i o n  for  a DLSS is made. P rov i s ion ing  f o r  a DLSS, 

though, should  be r e l a t i v e l y  simple.  Length of  t h e  a c t u a l  u m b i l i c a l  should  be 

based on t h e  maximum l e n g t h  t h a t  is o p e r a t i o n a l l y  t o l e r a b l e .  "Tolerab le"  i S  

C e r t a i n l y  t h e  c o r r e c t  word, s i n c e  from an  o p e r a t i o n a l  s t a n d p o i n t  u m b i l i c a l s  

are  a nightmare.  I n  zero-g they act  as a n  i n c r e d i b l e  d rag  and entanglement  

and are t o  be avoided u n l e s s  t h e r e  is no a l t e r n a t i v e .  A DLSS s u p p o r t  network 

should  be emplaced throughout  t h e  s t a t i o n  e x t e r i o r  w i t h  " j u n c t i o n  boxesf1 f o r  

u m b i l i c a l  i n t e r f a c e  as necessary t o  a l l o w  EVA access t o  a l l  p a r t s  of t h e  

s t a t i o n  while us ing  the  DLSS. 

would be equa l  t o  two times the  l e n g t h  of t he  t o l e r a b l e  u m b i l i c a l ,  based on a 

l i n e a r  s t a t i o n  model. This ,  aga in ,  would a l l o w  access t o  a l l  p o r t i o n s  of  t he  

s ta t  ion.  

The basic spac ing  between the  j u n c t i o n  boxes 
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EVA S to rage  

The optimum s t o r a g e  l o c a t i o n  f o r  most EVA equipment would b e  o u t s i d e  t h e  space  

s t a t i o n  p r e s s u r i z e d  volume. O u t s i d e  s t o r a g e  reduces  wear and tear i n c u r r e d  

d u r i n g  t r a n s l a t i o n  through the  a i r l o c k ,  maximizes a v a i l a b l e  airlock volume f o r  

s u i t  don and dof f  and necessary  s t o r a g e ,  and maximizes t he  a v a i l a b i l i t y  o f  

equipment t o  t he  EVA crewmembers. 

the requi rements  imposed by t he  environment.  P r o t e c t i o n  must be a v a i l a b l e  t o  

minimize damage t o  equipment caused b y  thermal extremes,  micrometeoroids ,  and 

r a d i a t i o n .  The equipment a l s o  must be capable of t o l e r a t i n g  extended (pe rhaps  

s e v e r a l  y e a r s )  exposure t o  vacuum. An EV s t o r a g e  f a c i l i t y  t o  s tow a l l  poss i -  

b l e  t o o l s  and equipment o u t s i d e  while p rov id ing  the necessary  p r o t e c t i o n  from 

t h e  environment shou ld ,  t hen ,  be provided.  T h i s  f a c i l i t y  should  be  l o c a t e d  

n e a r  the  EVA airlock (perhaps  on its e x t e r i o r  s u r f a c e )  t o  minimize the  time 

and e f f o r t  r e q u i r e d  t o  a c q u i r e  o r  s tow t o o l s  and equipment d u r i n g  EVA.  

The d i sadvan tages  of o u t s i d e  s t o r a g e  are  

E x t e r n a l  S a f e t y  Requirements 

Sharp co rne r l edge ,  impact ,  and gene ra l  des ign  s a f e t y  r equ i r emen t s  f o r  equip-  

ment i n t e r f a c i n g  w i t h  t h e  s h u t t l e  EVAS are covered i n  JSC Cocument 10615A, 

"EVA Desc r ip t ion  and Design Criteria." 

c r i t e r i a  f o r  equipment i n t e r f a c i n g  w i t h  t h e  space  s t a t i o n  EVAS w i l l  be  re- 

q u i r e d  and is  assumed. 

requi rements  as well as  f o r  gene ra l  E V A  i n t e r f a c e  requi rements .  

A similar document d e t a i l i n g  d e s i g n  

T h i s  document should  be s t a n d a r d  f o r  s a f e t y - r e l a t e d  
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One area t h a t  JSC 10615A does  not address is tha t  of a n  EVA safe haven, which 

would provide  r a d i a t i o n . p r o t e c t i o n  and a p r e s s u r i z a b l e  volume f o r  emergencies .  

Normally t h i s  s u b j e c t  would be inc luded  i n  t h i s  s e c t i o n ,  b u t  because  of i t s  

magnitude, i t  is d i s c u s s e d  s e p a r a t e l y  i n  t h i s  document. 

Some s o r t  of autonomous r e s c u e  c a p a b i l i t y  - autonomous t o  the  s t a t i o n  - must 

be  provided t o  rescue s t r a n d e d ,  f r e e - f l o a t i n g  crewmembers. The crewmember may 

have been t h e  v i c t i m  of  a malfunct ioning EEU and p o s s i b l y  be as much as 1 

k i lome te r  away from the s t a t i o n ,  o r  he may s imply have exper ienced  a broken 

te ther  and so,  probably ,  be q u i t e  c l o s e  t o  the  s t a t i o n .  I n  e i ther  case, t h e  

c a p a b i l i t y  t o  r e s c u e  him m u s t  e x i s t .  

I n  t h e  f irst  s i t u a t i o n ,  besides being some d i s t a n c e  from t h e  s t a t i o n ,  t he  

crewmember may a l s o  have a s i g n f i c a n t  opening ra te  w i t h  r e s p e c t  t o  i t .  I n  

t h i s  case, a f r e e - f l y i n g  r e scue  v e h i c l e  i s  necessary .  T h i s  v e h i c l e  would be  

similar t o  an  EEU and could  be manned, r o b o t i c ,  o r  t e l e o p e r a t o r  c o n t r o l l e d  

from w i t h i n  the  veh ic l e .  S ince  time is  of  the e s sence  i n  a r e s c u e  s i t u a t i o n  

such  as t h i s ,  the l a t t e r  two op t ions  are favored .  They would a l low immediate 

i n i t i a t i o n  of t he  rescue, whereas t h e  manned v e h i c l e  o p t i o n  would r e q u i r e  

w a i t i n g  f o r  a second EVA crewmember t o  a r r i v e  a t  t he  v e h i c l e  s t o r a g e  s i t e  and 

performing subsequent  checkout procedures  ( though a b b r e v i a t e d ,  of  cour se )  

b e f o r e  r e scue  i n i t i a t i o n .  The r o b o t i c / t e l e o p e r a t o r  v e h i c l e  c o u l d  be  a u n i t  

designed t o  p lug  i n t o  an  EEU,  and i n  f a c t ,  such  a v e h i c l e  has been proposed as 

a n  EVA a s t r o n a u t  a s s i s t a n t .  T h i s  v e h i c l e  should  be pursued because o f  i ts  

importance as a r e s c u e  d e v i c e  and because of i t s  added u s e f u l n e s s  t o  t h e  EVA 
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a s t r o n a u t .  

e x t e r i o r  o f  the  s t a t i o n .  

and,  i f  t h e  EEU is used,  w i l l  simply be the EEU FSS. 

If i t  is adopted,  p rov i s ion  f o r  t h i s  dev ice  must be  made on t h e  

This w i l l  probably be a n  automated s t o r a g e  f a c i l i t y  

If the  s t r a n d e d  a s t r o n a u t  is i n  reasonably  c l o s e  proximi ty  t o  t he  s t a t i o n  

s t r u c t u r e ,  he may be able  t o  rescue  himself w i t h  some s o r t  of se l f - con ta ined  

l ine- thrower .  

bu t  no detai led concep t s  exis t .  

exper imenta t ion  on s h u t t l e  f l i g h t s  p r i o r  t o  s t a t i o n  c o n s t r u c t i o n .  Depending 

on the  des ign  adopted,  i f  one is, special  i n t e r f a c e  requi rements  on the  ex te-  

S e v e r a l  d e v i c e s  t o  perform t h i s  f u n c t i o n  have been proposed,  

Th i s  is cons ide red  t o  be  a prime area f o r  

r i o r  of the space s t a t i o n  may or may n o t  be imposed. 

c e p t  proposes  the  use of a l a r g e  n e t  on t h e  s t a t i o n  e x t e r i o r  t h a t  would 

provide  a large target  f o r  a s t r anded  crewmember's l ine- thrower .  I t  should  be 

noted  t h a t  a small propu l s ion  u n i t  i n t e g r a l  t o  the EMU cou ld  a l s o  be used i n  

t h i s  case, bu t  may be  i m p r a c t i c a l  due t o  EMU LSS s i z i n g  and c o s t  cons ide ra -  

t ions .  

For i n s t a n c e ,  one con- , 

- i  
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3.9 A I R L O C K  FUNCTIONAL D E F I N I T I O N  

The i n t e n t  of  t h i s  s e c t i o n  is t o  p rov ide  a d e f i n i t i o n  of  an  EVA a i r l o c k  system 

f o r  Space S t a t i o n  o p e r a t i o n s .  The g o a l  is t o  p r e s e n t  feas ib le  a i r l o c k  con- 

c e p t s  t ha t  might be cons ide red  p r i o r  t o  i n c o r p o r a t i n g  such a system i n t o  t h e  

f i n a l  Space S t a t i o n  conf igu ra t ion .  

convergence of  o p e r a t i o n a l  c o n d i t i o n s  t h a t  are cons ide red  t o  be d e s i g n  d r i v e r s  

f o r  an  e f f e c t i v e  EVA suppor t  a i r l o c k  system. 

T h i s  s t u d y  w i l l  r e f lec t  t h e  c u r r e n t  

Although t h e  fo l lowing  d i scus -  

s i o n  on a i r l o c k  requi rements  i s  i n  no way i n c l u s i v e ,  i t  does r e p r e s e n t  i s s u e s  

tha t  suppor t  a p re l imina ry  des ign  concept .  

ob ta ined  from the fo l lowing  sources :  t he  Request f o r  Proposa l  (RFP), the  

Reference Conf igura t ion  Document ( R C D ) ,  Data package 2 . 3  Phase B ,  and t h e  

References  f o r  t h i s  s e c t i o n  were 

Science  Div is ion  EVA requi rements  f o r  Space S t a t i o n  Technica l  S t a t u s  Review 

( T S R ) .  

To move men and equipment safely beween t h e  p r e s s u r i z e d  area of  a space  c r a f t  

and t h e  vacuum of space, a n  a i r l o c k  is needed. The a i r l o c k  pe rmi t s  e n t e r i n g  

and e x i t i n g  of t h e  space veh ic l e  wi thout  s u b j e c t i n g  the  e n t i r e  crew and equip-  

ment t o  t h e  vacuum of  space. During t h i s  p rocess ,  t h e  a i r l o c k  a tmospher ic  

p r e s s u r e  must be equa l  t o  t h a t  of t h e  cab in  p r e s s u r e  b e f o r e  a s u i t e d  crewman 

can e n t e r  the a i r l o c k  from the  cabin .  After e n t e r i n g  the  a i r l o c k  and b e f o r e  

e x i t i n g  i n t o  space, t he  crewman must reduce  the  a i r l o c k  p r e s s u r e  t o  n e a r l y  

equa l  t h a t  of  space.  After t h e  EVA has been completed and t h e  crewman wishes 

t o  r e -en te r  t he  c a b i n ,  t he  process  must be  r eve r sed .  

accomplished us ing  two basic methods, t h e  gas expendable method o r  the  gas 

recovery  method. 

T h i s  procedure  can  be 
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The s i m p l e s t  a i r l o c k  p r e s s u r i z a t i o n  method is a n  expendable  gas system, where- 

by a l l  o r  the g r e a t e r  p o r t i o n  of t h e  a i r l o c k  atmosphere is expended overboard 

for  each a i r l o c k  use ,  as i n  t h e  c u r r e n t  s h u t t l e  a i r l o c k  system, ( F i g u r e  1 ) .  

The major p e n a l t i e s  a s s o c i a t e d  w i t h  t h i s  t y p e  of  method, however, are  t h e  c o s t  

o f  r e supp ly ing  l o s t  g a s e s  and providing s t o r a g e  areas for rep lacement  gases .  

T h i s  p rocess ,  t h e n ,  is reasonable  only  when a small number of E V A ' S  a re  

planned f o r  a g iven  miss ion .  

The second method r e c o v e r s  the a i r l o c k  atmosphere by pumping most of t h e  g a s e s  

i n t o  a s e p a r a t e  r e c e i v e r  f o r  re-use ( F i g u r e  2 ) .  T h i s  r e c e i v e r  can be t he  main 

c a b i n ,  a second a i r l o c k ,  a h i g h  p r e s s u r e  c o n t a i n e r  l o c a t e d  elsewhere, o r  a 

second area of  t he  a i r l o c k  module. 

cons ide red  opt imal  f o r  h i g h  use  ra tes  where t h e  less  complex expendable  gas 

systems would discard an  amount of  gases greater than  the  t o t a l  pump-down cost  

Pena l ty  (e.g. ,  pump weight,  pump power c o s t ,  and s t o r a g e ) .  

This  pump-down t o  r e c e i v e r  concept  is 

T h i s  pump-down t o  r e c e i v e r  method is  cons ide red  t h e  method o f  cho ice  f o r  t h e  

Space S t a t i o n  c o n f i g u r a t i o n  because of t he  large number of  EVA excur s ions  

expec ted  f o r  s t a t i o n  ope ra t ion .  There are,  however, p e n a l t i e s  associated w i t h  

t h i s  method of gas recovery.  

pump-down power and time. Depending on t h e  a i r l o c k  volume and number of 

EVA'S,  t h i s  o p e r a t i o n a l  c o s t  pena l ty  could  be s u b s t a n t i a l .  

impact of  t h i s  c o s t ,  i t  is recommended t h a t  t h e  i n g r e s s  and e g r e s s  area of  t h e  

a i r l o c k  be  k e p t  as small as poss ib l e ,  wi thout  j e o p a r d i z i n g  crew safety.  

would reduce  the time needed fo r  gas pump-down and a l l o w  f o r  the u s e  o f  a 

Two of t h e  most impor tan t  c o s t  p e n a l t i e s  are 

To reduce  t h e  

T h i s  
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smaller pump-down compressor. For t h i s  r eason ,  we recommend t h a t  t h e  a i r l o c k  

be designed w i t h  two separate chambers. One larger chamber cou ld  be  used f o r  

an EVA equipment and s e r v i c e  a r e a ,  w h i l e  t h e  smaller chamber could s e r v e  as an 

egress and i n g r e s s  pathway. The larger s e r v i c e  area cou ld  a l s o  s e r v e  as a 

s p e c i a l  a i r l o c k  chamber f o r  large equipment when necessary .  

The fo l lowing  diagram provides  an idea o f  these  two basic methods. 
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S t i l l  ano the r  pressure/volume r e l a t e d  des ign  d r i v e r  f o r  a i r l o c k  a r c h i t e c t u r e  

is t h e  requirement  f o r  hyperbar ic  c a p a b i l i t y .  A t  l eas t  one a i r lock  must be 

capab le  o f  ach iev ing  and hold ing  p r e s s u r e s  of  up t o  s i x  a tmospheres  f o r  the  

t r ea tmen t  of r a p i d  decompression i l l n e s s .  Th i s  i l l n e s s  is  caused by the  

i n f u s i o n  of gases i n t o  the  blood while a t  p r e s s u r e .  I f  these gases are then  

al lowed t o  expand, as i n  a rap id  decompression, t h e y  might c a u s e  damage t o  t h e  

crewman t h a t  cou ld  be f a t a l  i n  some extreme cases. For most pract ical  a p p l i -  

c a t i o n s ,  however, t h e  hyperbar ic  chamber w i l l  be  used t o  t reat  t h e  e f fec ts  of 

bends,  which occur  when n i t rogen  bubbles  form i n  t h e  ske le ta l  j o i n t s .  The 

recommended t r ea tmen t  f o r  these p r e s s u r e - r e l a t e d  c o n t i n g e n c i e s  is t o  

r e p r e s s u r i z e  t he  s u b j e c t  as soon as  p o s s i b l e  t o  a p p r o x i m a t d y  f i v e  times t h e  

p r e s s u r e  a t  sea leve l  and t o  br ing t h e  p r e s s u r e  down i n  c o n t r o l l e d  increments .  

This procedure a l lows  t h e  blood t o  d i s semina te  t h e  gases from the  c i r c u l a t o r y  

system wi thout  caus ing  f u r t h e r  distress. The re fo re ,  t h e  a i r l o c k  w i l l  r e q u i r e  

the proper  c o n t r o l s  and d i sp lays  t o  a i d  i n  t h e  biomedical moni tor ing  o f  t h e  

affected crewman. 

monitor  and assist i n  the  r e g u l a t i o n  o f  parameters such  as  blood gas l e v e l s ,  

heart  ra te ,  chamber p r e s s u r e ,  chamber tempera ture ,  and chamber g a s  composi- 

t i o n .  

The a i r l o c k  c o n t r o l s  and d i s p l a y s  w i l l  be  r e q u i r e d  t o  

For  the  r easons  s ta ted  above, t h e  a i r l o c k  a r c h i t e c t u r e  should  i n c l u d e  i n  i t s  

d e s i g n  ample room f o r  t h e  t r a n s f e r  o f  men and equipment th rough a l l  hatchways,  

which would i n c l u d e  b o t h  t he  ing res s / eg res s  chamber and t h e  main s e r v i c e  

chamber. While the  s i z e  i s  yet  t o  be  determined,  i t  is sugges ted  t h a t  t he  

a i r l o c k  hatchways be s i z e d  t o  accommodate a s t a n d a r d  equipment rack o r  t h e  
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r e t u r n  of an i n c a p a c i t a t e d  EVA crewman. It is f u r t h e r  recommended t h a t  an  

a d d i t i o n a l  small s e r v i c e  a i r l o c k  be  inco rpora t ed  i n t o  t h e  a i r l o c k .  T h i s  

pass- through a i r l o c k  would be  used t o  suppor t  r o u t i n e  EVA'S f o r  t o o l  and 

equipment requi rements  and t o  provide an  emergency passageway i n  c a s e  of 

medical  equipment needs.  T h i s  small pass-through a i r l o c k  should be i n s t a l l e d  

i n  t he  a i r l o c k  hatchway t h a t  separates the  main s e r v i c e  chamber and the  

e g r e s s l i n g r e s s  chamber. 

expected t o  save a s u b s t a n t i a l  amount of a i r l o c k  cycle time. 

The use of t h i s  small pass- through a i r l o c k  could be  

Because of t h e  d i f f i c u l t y  i n  a n t i c i p a t i n g  the  equipment needs of t he  EVA 

crewmen, i t  is important  t o  s t o r e  as much EVA hardware as p o s s i b l e  i n  areas 

t h a t  w i l l  complement t he  EVA mission requi rements .  

a l l  EVA equipment t h a t  is compatible  w i t h  a space  environment be l o c a t e d  i n  

s t o r a g e  a r e a s  e x t e r n a l  t o  t h e  a i r l o c k ,  b u t  i n  c l o s e  proximity t o  t h e  a i r l o c k  

hatchway. For t h e  EVA hardware t h a t  r e q u i r e s  s e r v i c e ,  such as t h e  MMU'S, an  

e x t e r n a l  s e r v i c e  area t h a t  can be ope ra t ed  from i n s i d e  t h e  a i r l o c k  would 

conserve I V  space and l o c a l i z e  EVA sys t ems  c o n t r o l s .  Add i t iona l  EVA equipment 

s e r v i c e  and checkout could be  accomplished i n  t h e  main a i r l o c k  chamber. Local-  

i z a t i o n  of t h i s  equipment w i t h i n  t he  a i r l o c k  s e r v i c e  area w i l l  ensu re  a q u i c k  

turnaround time f o r  s chedu l ing  f l e x i b i l i t y .  Because of t h e  small volume of 

t h e  a i r l o c k  s e r v i c e  area,  however, we recommend t h a t  on ly  requi red  t o o l s  and 

equipment needed i n  suppor t  of EVA a c t i v i t i e s  be s t o r e d  i n s i d e  t h e  a i r l o c k  

area. A l l  o t h e r  equipment should be s u p p l i e d ,  as needed, from t h e  Space 

S t a t i o n  common modules. 

The re fo re ,  w e  sugges t  tha t  
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I n  a d d i t i o n  t o  l o c a l i z a t i o n  of EVA s e r v i c e  equipment,  i t  is impor tan t  t o  con- 

s e r v e  as much room as p o s s i b l e  i n s i d e  the  a i r l o c k  area. For t h i s  r eason  i t  is 

sugges ted  that  as much of t h e  EVA s u p p o r t  equipment as p o s s i b l e  be equipped 

w i t h  au tomat i c  checkout  c a p a b i l i t i e s .  T h i s  would reduce  t h e  need f o r  crew 

involvement i n  equipment turnaround and improve the  r e l i a n c e  on au tomat ic  

systems.  
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1 .  REQUIREMENTS FOR SPACE STATIONIEVAS COMMUNICATIONS INTERFACE 

1 . 1  .O COMMUNICATIONS 

1 . 1 . l  VOICE COMMUNICATIONS 

1 . 1 . 1 . 1  

c a p a b i l i t y  w i t h  s u f f i c i e n t  channel  s e l e c t i o n  a v a i l a b l e  t o  permit  non- in t e r f e r -  

ence communicat.ion b e t w e n  any t w ~  crewmemSers and/or  the s t a t i o n .  

A l l  E V A  crewmembers should  have f u l l  duplex v o i c e  communications 

1.1.1.2 An I I A l l  Call" c a p a b i l i t y  s h a l l  e x i s t  s o  t h a t  any EVA crewmember o r  

the  s t a t i o n  w i l l  be ab le  t o  c o n t a c t  a l l  EVA crewmembers and t h e  s t a t i o n  simul- 

t aneous ly .  T h i s  c a p a b i l i t y  s h a l l  exis t  i n  bo th  t r a n s m i t  and r e c e i v e  func- 

t i o n s .  

1.1.1.3 The s t a t i o n  sha l l  be able t o  r e c e i v e  a l l  crew t r a n s m i s s i o n s  s imul t a -  

neous ly .  

1.1.1.4 

ously t o  any combination of  EVA crewmembers as selected by s t a t i o n  personnel .  

The s t a t i o n  s h a l l  be capable  of two separate t r a n s m i s s i o n s  s imul tane-  

1 . l .  2 TELEMETRY 

1.1.2.1 

biomedical  monitor ing.  

One channel  of t e l eme t ry  per EVA crewmember s h a l l  be r e q u i r e d  f o r  
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1.1.2.2 One channel  of t e l eme t ry  per crewmember, e i ther  discrete o r  

mul t ip l exed  w i t h  the  biomedical  s i g n a l ,  is r e q u i r e d  f o r  EVA sys tems monitor- 

ing .  

1.1.2.3 The s t a t i o n  communications and data management system s h a l l  be capa- 

b l e  of r e c e i v i n g ,  demul t ip lex ing ,  process ing ,  d i s p l a y i n g ,  r e c o r d i n g ,  and 

r e - t r a n s m i t t i n g  t o  t he  ground a l l  E V A  telemetry. 

1.1.3 TELEVISION 

1.1.3.1 

t e l e v i s i o n  picture  t o  each ind iv idua l  EVA crewmember s imul taneous ly .  

The s t a t i o n  s h a l l  be capable  of t r a n s m i t t i n g  a s e p a r a t e  freeze-frame 

1.1.3.2 

f reeze-frame t e l e v i s i o n  t r a n s m i t t e d  t o  him on h i s  i n d i v i d u a l l y  a s s igned  chan- 

ne1 o r  on another  crewman's ass igned  channel .  

Each EVA crewmember s h a l l  be capable of r e c e i v i n g  and d i s p l a y i n g  0 

1.1.3.3 The space s t a t i o n  DYS shal l  p rov ide  the  p i c t u r e  f o r  freeze-frame 

t r a n s m i s s i o n  t o  t h e  EVA crewmembers and s h a l l  be capab le  of p rov id ing  s e p a r a t e  

p i c t u r e s  t o  each crewmember s imul taneous ly .  

1 .1 .3 .4  

normal-motion t e l e v i s i o n  (NTSC Reso lu t ion ) .  

Each EVA crewmember s h a l l  be c a p a b l e  of t r a n s m i t t i n g  one channel  of 
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1.1.3.5 The s t a t i o n  sha l l  be  capable  of s imul taneous ly  r e c e i v i n g ,  d i s p l a y i n g ,  

r e c o r d i n g ,  and t r a n s m i t t i n g  t o  ground a l l  normal-motion t e l e v i s i o n  from each 

E V A  cr ewmember . 

0 

1.1.4 TARGETING 

1 .1 .4 .1  The s t a t i o n  s h a l l  suppor t  f r e e - f l y i n g  EVA n a v i g a t i o n  and t a r g e t i n g .  

1.1.5 TELEOPERATOR/ROBOT CONTROL 

1.1.5.1 The s t a t i o n  s h a l l  suppor t  control/communications r e q u i r e d  i n  associa- 

t i o n  w i t h  t e l e o p e r a t o r / r o b o t i c  ope ra t ions .  

0 1 .2-. 0 RELIABILITY/MAINTAINABILITY 

1.2.1 The s t a t i o n  and E V A S  communication systems s h a l l  be des igned  i n  accor-  

dance w i t h  t h e  General  Requirements f o r  R e l i a b i l i t y  and M a i n t a i n a b i l i t y  as s e t  

f o r t h  i n  Appendix A of the  Advanced EVA System Study.  
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2. DATA MANAGEMENT SYSTEM REQUIREMENTS 

2.1.0 EVAS DATA MANAGEMENT SYSTEM (DMS) 

2.1 . 1 INPUT/OUTPUT (110) DATA HANDLING 

2.1.1.1 The EVAS DMS, a t  t h e  Space S t a t i o n  and t h e  EVAS communications inter-  

f a c e s ,  s h a l l  be capab le  of t h e  t r ansmiss ion  and reception of se r ia l ,  v a r i a b l e  

l e n g t h ,  a lphanumeric  d a t a  on a synchronous o r  asynchronous b a s i s  depending on 

t h e  p a r t i c u l a r  d a t a  type .  

2.1.1.2 The EVAS DMS s h a l l  v a l i d a t e  a l l  d a t a  r e c e i v e d  or  t r a n s m i t t e d  and 

s h a l l  use a unique v a l i d a t i o n  sequence t o  v e r i f y  t h e  i n t e g r i t y  of a l l  d a t a  

d e f i n e d  as l i f e  o r  mission c r i t i c a l .  

2.1.1.3 The EVAS DMS s h a l l  p rovide  f o r  t h e  f o r m a t t i n g  and unformatting of a l l  

t r a n s m i t t e d  and r e c e i v e d  d a t a ,  r e s p e c t i v e l y ,  and shall make e f f e c t i v e  use of 

header  words i n  t h e s e  o p e r a t i o n s  t o  f u r t h e r  d e f i n e  t h e  d a t a  t y p e ,  l e n g t h ,  and 

c r i t i c a l i t y  . 

2.1.1.4 The EVAS DKS s h a l l  use p ro toco l  techniques  f o r  a l l  t r a n s m i t t e d  and 

r e c e i v e d  d a t a  t o  minimize t h e  p r o b a b i l i t y  of d a t a  l o s s  and t o  op t imize  t h e  

p rocess ing  c a p a b i l i t i e s  of t h e  processor  i n  which i t  i s  r e s i d e n t .  
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2.1.1.5 The EVAS DMS s h a l l  o u t p u t ,  on a p e r i o d i c  basis, a Keep-Alive s i g n a l  

t h a t  s h a l l  be used by  t he  r e c e i v i n g  DMS as a v e r i f i c a t i o n  of communications 

c a p a b i l i t y ,  and the loss of the  s igna l  over  time s h a l l  r e s u l t  i n  an  alarm 

being  i s s u e d  t o  both  t h e  EVA and I V A  crewpersons.  

2.1.1.6 

mi t t ed  from the  Space S t a t i o n  and r ece ived  i n  t he  EVAS t o  ma in ta in  110 time 

The EVAS DMS s h a l l  require a time synchron iza t ion  s i g n a l  t o  be t r a n s -  

synchr  oni  za  t ion .  

2.1.1.7 The EVAS DMS r e s i d e n t  i n  the  Space S t a t i o n  s h a l l  i n t e r f a c e  t h e  E V A S  

vo ice  communications channel  and use a minimal vo ice  r e c o g n i t i o n  c a p a b i l i t y  t o  

respond t o  any of  a p rede f ined  set  of l i f e -  o r  m i s s i o n - c r i t i c a l  messages from 

the  EVA crewperson. 

2.1 .2  SYSTEMS MANAGEMENT 

2.1.2.1 The EVAS DMS s h a l l  u s e  advanced data base management t echn iques  t o  

maximize the  e f f i c i e n t  use of t h e  EVAS memory and t o  p r i o r i t i z e  and c o n t r o l  

a l l  p rocess ing  o p e r a t i o n s  w i t h i n  t h e  EVAS. 

2.1.2.2 The EVAS DMS s h a l l  provide  a Monitor ing and Con t ro l  Opera t ing  System, 

r e s i d e n t  w i t h i n  t h e  EVAS, t o  p e r i o d i c a l l y  sample and s t o r e  i n  d i g i t a l  form a l l  

biomedical ,  EVAS system, and EEU system parameters a v a i l a b l e  from t h e  EVAS 

i n s t rumen ta t ion ;  a d d i t i o n a l l y ,  EVA crewmember i n i t i a t e d  discretes sha l l  be 

monitored and the a p p r o p r i a t e  response  i n i t i a t e d .  
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2.1.2.3 The EVAS DMS s h a l l  r e q u i r e  an EVAS Systems Management Opera t ing  

System r e s i d e n t  i n  bo th  the Space S t a t i o n  and EVAS p rocesso r s  t o  a c q u i r e ,  

p r o c e s s ,  and e v a l u a t e  biomedical ,  EVAS system, and EEU system data ob ta ined  by 

t h e  Monitor ing and Con t ro l  Operat ing System. 

2.1.2.4 

r e s i d e n t  f o r  bo th  t h e  EVAS and t h e  Space S t a t i o n  t o  s u p p o r t ,  as needed, EEU 

n a v i g a t i o n  and t a r g e t i n g  on  a j o i n t  i n t e g r a t e d  o r  autonomous EVAS b a s i s .  

An EEU Guidance and Cont ro l  Opera t ing  System s h a l l  be r e q u i r e d  t o  be 

2.1.2.5 

ing  System, which s h a l l  suppor t  e f f i c i e n t  HMD d i s p l a y  g e n e r a t i o n  v i a  a minimal  

se t  of geometr ic  e n t i t i e s .  

The EVAS DMS s h a l l  p rov ide  t h e  EVAS wi th  Di sp lays  Management Operat-  

0 2.1.2.6 

f a u l t  t o l e r a n t  p rocess ing  t o  minimize p o s s i b l e  data l o s s  o r  l o s s  of c r i t i c a l  

The EVAS DMS s h a l l  p rov ide  au tomat ic  e r r o r  recovery  c a p a b i l i t y  and 

p rocess ing  w i  t n i n  t h e  EVAS. 
.' 

2.1.2.7 A s  a minimum, t h e  E V A S  DMS s h a l l  p rovide  t h e  E V A  crewmember wi th  t h e  

c a p a b i l i t y  f o r  autonomous EEU and non-EEU o p e r a t i o n s  t o  a t t a i n  a safe haven i n  

t h e  e v e n t  of a t o t a l  communications f a i l u r e .  

2.1.3 FIRMWARE A N D  SOFTWARE 

2.1.3.1 The EVAS DMS s h a l l  make opt imal  use o f  EVAS r e s i d e n t  f i rmware f o r  

t hose  a p p l i c a t i o n s  cons idered  c r i t i c a l  t o  EVA o p e r a t i o n s .  
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2.2.0 RELIABILITY/MAINTAINABILITY 

2.2.1 

Space S t a t i o n  so f tware  and firmware development excep t  f o r  t h o s e  s t a n d a r d s  

tha t ,  when i d e n t i f i e d ,  reduce  t h e  e f f i c i e n c y  o r  c a p a b i l i t i e s  of the E V A S  

processor .  

The E V A S  DMS s h a l l  be r e q u i r e d  t o  comply w i t h  t h o s e  s t a n d a r d s  TBD f o r  
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3. EVAS LOGISTICS REQUIREMENTS 

3.1.0 EVAS SPARE PARTS REQUIREMENTS 

3. I . I  EMU s p a r e  p a r t  requi rements  a r e  shown i n  Table  I .  

3.1.2 EEU s p a r e  p a r t  requi rements  a r e  shown i n  Table  2. 

3.1.3 A n c i l l a r y  equipment s p a r e  pa r t  requi rements  are  shown i n  Table  3. 

3.2.0 EVAS CONSUMABLES REQUIREMENTS 

3.2.1 EMU consumables requi rements  are met by nominal I V  usage requi rements  

except- as fioteb below. 

3.2.1.1 If a sub l ima to r  i s  used,  1.5 l b m  of water (max) p e r  EVA man-hour i s  

r e q u i r e d  f o r  sub l ima to r  ope ra t ions .  (See  F igu re  1 . )  A minimum of 

2250 lbm and a maximum of 6000 lbm of water should  be provided.  

3.2.1.2 Air lock  make-up g a s . a s  i n d i c a t e d  i n  F igure  2 s h a l l  be provided  t o  

make up f o r  gas  vented overboard du r ing  a i r l o c k  depres s .  

If LioH is used for  c02 scrubbing i n  t h e  EVAS, L i O H  and Oxygen as per  

F igu re  3 must be supp l i ed .  

3 .2 .1*3  
0 

3.2.2 EEU consumables requi rements  are 2400 kg of  gaseous n i t r o g e n  p e r  y e a r ,  

p r e s s u r i z e d  t o  4500 ps ia  a t  the  supp ly  o u t l e t .  

3.2.3 Anc i l l a ry  equipment consumables requi rements  are covered under 3.1.3, 

Spare p a r t s .  
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TABLE 1. PROJECTED EMU SPARES REQUIREMENTS 

O N - O R B I T  EMU S P A R E S  - One time d e l i v e r y ;  r e p l e n i s h  as r e q u i r e d  

ITEM Q U A N T I T Y  MASS kg ( l b m )  VOL. l i t e r s  ( F t 3 )  

EMU LSS 2 378( 834) 382( 13.5) 

SCL! 2 10( 22) 57c 2.01 

Phase Change Heat Exchanger 2 20( 43) 28( 1 .0)  

c02 Removal C a n i s t e r  2 98c216) 76( 2.7) 

cws 1 2( 5) 3( 0 .1)  

EVC a 
EMU R E S U P P L Y  90 DAYS - S i z e  s e n s i t i v e ,  damage prone,  and l i m i t e d  l i f e  i t ems  

I T E M  Q U A N T I T Y  MASS kg (lbm) VOL. l i ters ( F t 3 )  

SSA ( less  LCVC, CCA,  UCD/ 

DFXT, 1DB)  

F i  It ers 

Batteries 

“2 Sensors  

Gloves 

2 161 (354)  312( 1 1 )  

1 Set .5( 1 )  6 (0 .2 )  

10 34( 75) 71 (2 .5)  
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S u i t  Components 

UCD 

DACT 

Vomitus C o l l e c t o r  

I D B  

A s  Required 79(175) 

32 Maximum 8( 17) 

32 Maximum 7 (  16) 

ON-ORBIT SERVICE EQUIPMENT SPARES - One time d e l i v e r y ;  r e p l e n i s h  as r e q u i r e d  

ITEM QUANTITY MASS kg (lbm) VOL. l i t e r s  (Ft3) 

Pump/Separ a t  o r  1 

Power Supply /Bat te ry  Charger 1 

Fan 0 1 

Fan/ Separ  a t  o r  1 

Solenoid  Valves 

Compressor Head 

Cmrnunicaton/Data I n t e r f a c e  

Equ i pment 

Regula tor  

C o n t r o l l e r  

2 

1 

F i l t e r s  Miscel laneous 1 S e t  

6 (  0.2) 

14( 0.5) 

6( 0.2) 

6( 0.2) 

.3(0.01) 

1 A ( 0 . 0 5 )  
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SERVICE EQUIPMENT RESUPPLY 90 DAYS - Limited l i f e  i t ems  

ITEM QUANTITY MASS kg (lbm) VOL. l i ters  ( F t 3 )  

F i l t e r s  1 Se t  .3( 0 . 6 )  6 (  0 . 2 )  
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ITEM 

TABLE 2. PROJECT EEU/FSS SPARES REQUIREMENTS 

SPARES R E Q U I R E D  PER YEAR 

UNIT 

v OL MASS 

Central E l e c t r o n i c s  :'nit (3) 2 33000 3.1 

Regulator  2 1500 0.4 

I s o l a t i o n  Valve 2 

T h r u s t e r  Tr iad  ( 2  RH & 2 LH) 4 

Quick  Disconnect F i t t i n g s  2 

EMU/MMU I n t e r f a c e  ( 3 )  1 

Control  A r m s  w i t h  Handcont ro l le rs  2 

Loca tor  L igh t s  2 

Lap Belt 2 

Small  Hardware S e t  ( 3 )  2 

Batteries (3)  ( 4 )  4 

Pa in t  ( 3 )  1 

Velcro 1 

Lubr icant  ( 4 )  1 

1400 

3000 

500 

1000 

15500 

500 

500 

1100 

7900 

590 

500 

500 

1.3 

1.4 

0.5 

0.9 

4.6 

0.3 

0.5 

i .O 

6.8 

0.5 

0.5 

0.5 

S e r v i c e  and C / O  Connectors (3 )  2 500 0.5 

I n t e r n a l  E l e c t r i c a l  Connectors ( 3 )  4 135 0.3 

In t e rna l  F l u i d  Connectors ( 3 )  2 270 0.3 

P r o p e l l a n t  F i l t e r s  ( 4 )  80 7 0.1 

TOTAL 

v OL MASS 

( C C )  (KC) 

(1,2) (1,2) 

66000 

3000 

2800 

12000 

1000 

1000 

31 000 

1000 

1000 

2200 

31 600 

500 

500 

500 

1000 

540 

540 

560 

i8.2 

0.8 

2.6 

5.6 

1 .o 

0.9 

9.2 

0.6 

1 .o 

2.0 

27.2 

0.5 

0.5 

0.5 

1 .o 

1.2 

0.6 

8.0 - I  
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C i r c u i t  Breakers  

Switches 

2 135 0.1 270 0.2 

2 135 0.1 270 0.2 

PLSS Latch (3 )  2 2800 1 .o 5600 2.0 

FSS Latch ( 3 )  2 550 1 .o 1100 2.0 

B a t t e r y  Latch (3) 2 550 1 .o 1100 2.0 

Wire ( 3 )  3 1650 0.3 4950 0.9 

P r o p e l l a n t  Line Repair Mat ' l s  (3 )  2 260 0.7 520 1.4 

P r o p e l l a n t  Vessel ( 3 )  2 10000 18.0 20000 36.0 

T o t a l s  84392 51 .9 190550 125.1 

1. Volumes and masses a r e  based on p r e s e n t l y  used MMU components. 

2 .  Volumes and masses a r e  f o r  components only and do not inc lude  packing 

m a t e r i a l  and c o n t a i n e r s .  
0 

3. Item d e f i n i t i o n  not  s u f f i c i e n t l y  p r e c i s e  f o r  an exac t  volume and mass; 

t h e r e f o r e ,  volumes and masses a r e  rough e s t i m a t e s .  

4. Resupply item. 
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ITEM 

TABLE 3. PROJECTED A N C I L L A R Y  EQUIPMENT SPARES REQUIREMENTS 

SPARES R E Q U I R E D  PER YEAR 

Saw Blades 

Trash Rigs 

N i b b l e r  B i t s  

Su r face  Coat ing Materials 

D r i l l  B i t s  - S e t  

Welding Rods - Assortment 

Brazing Rods 

Gr inder  Pads - Assortment 

R i v e t s  - Assortment 

F l u i d  Connectors - Assortment 

Electrical  Connectors - Assortment 

Adhesive Tape - Rol l s  

Thermal I n s u l a t i o n  Mate r i a l  

Gasket /Seal  Material 

T ie  Wrap Assortment 

I D  Tags 

Tef lon  Tape - Rol l  

P o t t i n g  Compound - Can 

TOTAL 

MASS VOLUME 

QTY (KG) ( C C )  

*1 0 

200 

10 

1 

1 

1 

1 

1 

1 

5 

5 

2 

1 

1 

2 

1 

1 .o 

10.0 

0.5 

5.0 

1 .o 

2.0 

1.5 

1 .o 

1 

0.5 

0.5 

1.5 

2.0 

0.1 

0.25 

0.1 

0.1 

1 .o 

60 

72220 

30 

4500 

4 50 

650 

650 

3 600 

2000 

3000 

5000 

3200 

20000 

250 

500 

50 

100 

1000 
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ITEM 

Covera l l s  ( E V A )  

Glove P r o t e c t o r s  

F l u i d I G a s  Sample .Co l l ec t ion  

Vial 

Lubr i cant  

Epoxies 

S t r u c t u r a l  Repair M a t e r i a l s  

Fabr i c  Patch Mate r i a l  

Leak Patch Mate r i a l  

Cleaner Mate r i a l  Prepreg Clothes  

E l e c t r i c a l  I n s u l a t i o n  Mate r i a l  

TOTAL 

v OLUME MASS 

QTY (KC) ( C C )  

8 

1 6  

50 

1 

4 

1 

1 

1 

200 

1 

2.0 

2.0 

0.3 

0.5 

0.5 

1 .o 

2.0 

.75 

15 

1 .o 

A l l  i t ems  a r e  spa res  - resupply  as r e q u i r e d .  

72000 

55000 

500 

500 

2000 

20000 

20000 

1600 

72000 

1000 
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a F I G U R E  1 .  

SUBLIMATOR EFFLUENT( H 2 0 )  

0 2 4 
(Thousands) 
MAN HOURS 

0 '1.251bs/hr + '1.5lbs/hr 
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FIGURE 2. 

AIR LOCK GAS USE 
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FIGURE 3. 
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4. SPACE STATION SAFE HAVEN REQUIREMENTS 

4.1 .O An EVA safe haven s h a l l  be provided. 

4.1 . I  Save haven s h a l l  be p o r t a b l e  v i a  MRMS t o  remote worksi te .  

4.1.1.1 Sa fe  haven s h a l l  be secured  t o  s t a t i o n  s t r u c t u r e  n e a r  works t a t ion .  

4.1.2 S a f e  haven sha l l  be  p r e s s u r i z a b l e .  

4.1..2.1 Safe haven s h a l l  be p r e s s u r i z a b l e  t o  4.0 p s i a  100% 02 i n  less  than  

10 seconds.  

4.1.2.2 S a f e  haven s h a l l  be pressurizable t o  14.7 p s i a  i n  less than 5 %in- 

u t e s .  

4.1.2.3 Safe haven atmosphere s h a l l  be 21% 02 minimum - 30% 02 maximum and 

t h e  remainder of N2 at  14.7 p s i a .  

4 .1 .2 .4  

4.1.3 The hatch s i ze  s h a l l  accommodate two crewmen. 

4.1.3.1 The hatch s h a l l  be designed t o  dock wi th  a i r l o c k  or  docking module 

S a f e  haven s h a l l  have enough 02 f o r  two crewmembers f o r  2 hours .  

a 
hatch w i t h  i n t e r f a c e  seal t o  ma in ta in  p r e s s u r e .  

4.1.4 S a f e  haven s h a l l  have l i g h t i n g  e q u a l  t o  50 f o o t c a n d l e s  t o  i l l u m i n a t e  

the i n t e r i o r  f o r  up t o  2 hours. 

4.1.5 Safe haven s h a l l  have a b a s i c  medical k i t  i n s t a l l e d  i n  t h e  i n t e -  

r i o r .  

4.1.6 Safe haven s h a l l  have handholds on i n t e r i o r  walls f o r  p o s i t i o n i n g .  

4.1.7 Safe haven sha l l  have r e s t r a i n t s  t o  hold  i n c a p a c i t a t e d  crewmember. 

4.1.8 S a f e  haven s h a l l  have the c a p a b i l i t y  t o  communicate v i a  vo ice  comm 

wi th  I V  crewmembers. 
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5. SPACE STATION I N T E R I O R  REQUIREMENTS 

5.1 .O 

5.1.1 

5.2.0 

5.2.1 

5.3.0 

5.3.1 

5.3.1.1 

CLEANLINESS 

A 10,000 c lass  c l e a n  room is  r e q u i r e d  f o r  work on l i f e  s u p p o r t  

system oxygen subsystem. 

SAFETY 

Saf ing  equipment i n  t h e  form of r e s t r a i n t s  f o r  h igh  p r e s s u r e  compo- 

n e n t s  of EVAS oxygen and n i t rogen  sys tems i s  r e q u i r e d .  

WORKSTP.NDS 

Workstands t o  res t ra in  and p o s i t i o n  EVAS components whi le  t hey  are 

being main ta ined  a re  requi red .  

Workstands s h a l l  be equipped wi th  such  t o o l s  as are necessa ry  t o  

ma in ta in  t h e  EVAS. 

5.3.1.1.1 The EVAS shall  be designed s o  t h a t  s t a n d a r d  I V  t o o l s  can be used t o  

accomplish as much maintenance and s e r v i c i n g  as feasible .  
0 

101 



6. SPACE STATION EXTERIOR REQUIREMENTS 

6.1.0 TRANSLATION A I D S  

6.1.1 

t i o n s  of t he  e x t e r i o r  of t h e  space  s t a t i o n  and any attached payloads.  

EVA t r a n s l a t i o n  a ids  s h a l l  be provided  t o  a l low E V A  access t o  a l l  por- 

6.1.2 The basic t r a n s l a t i o n  a i d  s h a l l  be a system of hand ra i l s  ar ranged  t o  

g i v e  t h e  crewwmber access t o  all z x t e r i o r  areas of the  space station. 

6.1.3 

t r a n s p o r t a t i o n  f o r  t h e  crewmember and a module of l e s s  than  250 k g  m a s s  and 

l e s s  than  1 c u b i c  meter volume from one ex t r emi ty  of the space  s t a t i o n  t o  t h e  

o t h e r  i n  under 5 minutes .  

A supplemental  t r a n s l a t i o n  a i d  s h a l l  be provided t h a t  w i l l  p rovide  

6.1.3.1 

crewmember r i d i n g  i t  o r  ano the r  EV o r  I V  crewmember. 

The supplemental  t r a n s l a t i o n  a i d  s h a l l  be c o n t r o l l a b l e  by e i t h e r  the 
. . .  . 

6.1.4 A supplemental  t r a n s l a t i o n  a i d  s h a l l  be provided  tha t  s h a l l  be capable 

of t r a n s p o r t i n g  any s i z e  module encountered i n  a s p a c e  s t a t i o n  EVA from one  

ex t r emi ty  of t h e  space  s t a t i o n  t o  another .  

6.1.4.1 The t r a n s l a t i o n  a i d  s h a l l  be capable of  l i m i t e d  f i n e  p o s i t i o n i n g  v i a  

a s e l f - c o n t a i n e d  manipula tor  arm. 

6.1.4.1.1 The arm shall use  a s t anda rd  RMS end e f f e c t o r  i n t e r f a c e .  
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6.2.0 RESTRAINTS 

6.2.1 

i n g  t h e  EVA crewmember t o  be t e t h e r e d  a t  a l l  times whi le  performing EVA. 

A system of t e t h e r  p o i n t s  s h a l l  accompany t h e  t r a n s l a t i o n  a i d s ,  allow- 

6.2.1.1 

t e t h e r e d  con t inuous ly  whi le  t r a n s l a t i n g ,  wi thout  i n t e r f e r i n g  w i t h  t h a t  trans- 

A TBD mobile t e t h e r  system s h a l l  be used t o  a l low t h e  a s t r o n a u t  t o  be 

l a t i e n  cr  r e q u i r i n g  continuous shifting of t e t h e r s .  

6.2.2 Workstat ions s h a l l  be provided where and as necessa ry  t o  r e s t r a i n  

equipment under r e p a i r  and a s s o c i a t e d  t o o l s  and s p a r e  p a r t s .  If t h e s e  are no t  

f i x e d ,  t h e  s t a t i o n  s h a l l  p rovide  i n t e r f a c e s  as necessa ry  t o  r e s t r a i n  p o r t a b l e  

works t a t  i o n s  . 

6.2.2.1 

hold  EVA crewmembers whi le  t hey  are performing work. 

Works ta t ions  s h a l l  p rovide  r e s t r a i n t  as necessary  t o  p o s i t i o n  and 

6.2.2.2 

p o s i t i o n i n g  a s a t e l l i t e  f o r  r e p a i r  o r  s e r v i c i n g .  

A works t a t ion  s h a l l  be provided t h a t  is  capab le  of ho ld ing  and 

6.2.2.2.1 The works t a t ion  shall be a b l e  t o  accommodate s p a c e c r a f t  up t o  t h e  

s i z e  of t h e  Hubble Space Telescope.  



6.3.0 STORAGE 

6.3.1 Ex te rna l  s t o r a g e  s h a l l  be provided f o r  a l l  EVA t o o l s  and f o r  a TBD 

amount of s p a r e  parts and equipment f o r  space s t a t i o n  and s a t e l l i t e  s e r v i c i n g  

and repair .  

6.3.1.1 

r e q u i r e d  by t h e  s t o r e d  equipment from the on-orb i t  environment.  

The e x t e r n a l  s t o r a g e  f a c i l i t i e s  s h a l l  provide  such  p r o t e c t i o n  as 

6.3.1.2 

EVA a i r l o c k .  

The e x t e r n a l  s t o r a g e  f ac i l i t i e s  s h a l l  be l o c a t e d  i n  proximi ty  t o  t h e  

6.4.0 L I G H T I N G  

6.4.1 

l i g h t i n g  t o  t he  50 f o o t c a n d i e  l e v e l .  

All areas of the  space  s t a t i o n  e x t e r i o r  should  have p r o v i s i o n s  f o r  

6.4.1.1 The l i g h t i n g  should  be s e l e c t a b l e  on/off  by EV or  I V  pe r sonne l .  

6.5.0 TELEVISION 

6.5.1 C losed -c i r cu i t  t e l e v i s i o n  (CCTV) cameras shall  be mounted a t  TBD loca- 

t i o n s  on the e x t e r i o r  of t he  s t a t i o n .  

6.5.1.1 The CCTV's  s h a l l  be I V  c o n t r o l l a b l e  i n  azimuth,  e l e v a t i o n  f-stop, and 

zoom. 
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6.6.0 DEPENDENT LIFE SUPPORT SUBSYSTEM 

6.6.1 A Dependent L i f e  Support  Subsystem s h a l l  be provided ,  a l lowing  

crewmembers dependent l i f e  s u p p o r t  whi le  t h e y  a re  l o c a t e d  a t  any p o i n t  on t h e  

space s t a t i o n  e x t e r i o r .  

6.7.0 Ex te rna l  S a f e t y  Requirements 

6.7.1 Space s t a t i o n  and a l l  e x t e r n a l  equipment des ign ,  i n c l u d i n g  spacecraft 

t o  be s e r v i c e d  by EVA crewmembers, sha l l  conform t o  a TBD EVA Design Cr i t e r i a  

document similar t o  t h e  c u r r e n t  JSC 10615A document. 

6.7.2 The space s t a t i o n  personnel  shal l  be capable of c a r r y i n g  o u t  an  inde- 

pendent ,  autonomous r e scue  of a f r e e - f l o a t i n g ,  s t r a n d e d  crewmember wi th  i n i -  

tial d i s t a n c e  and v e l o c i t y  of up t o  1 k i lometer  and 1 f o o t  pe r  second opening. 

0 
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7. A I R L O C K  REQUIREMENTS 

A s e t  of working requi rements  h a s  been compiled t o  s e r v e  as des ign  and per- 

formance g u i d e l i n e s  f o r  airlock subsystems. 

what we fee l  t o  be,  a t  t h i s  time, t h e  most impor tan t  Space S t a t i o n  s e n s i t i v e  

of these areas. 

The fo l lowing  list r e p r e s e n t s  

7.1.0 GENERAL AIRLOCK DESIGN REQUI5EMENTS 

7.1.1 The EVA a i r l o c k  sha l l  provide a c o n t r o l l e d  r a t e  of d e p r e s s u r i z e d  and 

p r e s s u r i z a t i o n .  The nominal r a t e  experienced by t h e  crewman i n s i d e  the  EMU 

not exceed 689 N/m2-sec2 ( .1 psi/sec). The maximum rates are  n o t  t o  

exceed 6896 Nlmz-sec ( 1  p s i / s e c ) .  .. 
7.1.2 A s  a des ign  g o a l ,  90% of  t he  a i r l o c k  gas s h a l l  be recovered  dur ing  

depr  e s s u r i  za t ion .  

7.1.3 

i n s i d e  t h e  Space S t a t i o n  and i n s i d e  and o u t s i d e  the a i r l o c k .  

Cont ro l  of d e p r e s s u r i z a t i o n  and p r e s s u r i z a t i o n  s h a l l  be p o s s i b l e  from 

7.1.4 

ment rack o r  t h e  r e t u r n  of a n  i n c a p a c i t a t e d  EVA crewmember. 

The a i r l o c k  des ign  s h a l l  accommodate t h e  transfer of a s t a n d a r d  equip- 

7.1.5 

c a p a b i l i t y .  

Two EVA a i r l o c k s  shall  be provided t o  ensu re  redundant  e g r e s d i n g r e s s  
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7.1.6 

s u i t e d  crewmen . 
Each a i r l o c k  hatchway s h a l l  be s i z e d  t o  accommodate t h e  t r a n s f e r  of two 

7.1.7 The EMU s h a l l  be capable of  being r e s i z e d  i n s i d e  t h e  a i r l o c k  s e r v i c e  

area. 

7.1.8 

an unaided crewman. 

The a i r l o c k s  s h a l l  be s i z e d  t o  accommodate donningldoff ing  t h e  EMU by 

7.2.0 EMU SUPPORT REQUIREMENTS 

7.2.1 Stowage of t he  EMU'S i n  the  a i r l o c k  v e r s u s  i n  t h e  Space S t a t i o n  is 

r e q u i r e d  t o  allow f o r  au tomat i c  checkout of t h e  E M U ' S  d u r i n g  d e p r e s s u r i z a t i o n  

and for  r econnec t ion  of  l i f e  suppor t  f o r  con t ingenc ie s  while  a t  vacuuii. 

c 
7.2.2 The Space S t a t i o n  s h a l l  provide t h e  I V A  s e r v i c e ,  r e p a i r ,  and mainte- 

nance o p e r a t i o n s  f o r  the  EMU. These o p e r a t i o n s  i n c l u d e  power, N2 purge and 

purge v e r i f i c a t i o n ,  coo l ing ,  I V  pressure r e g u l a t i o n ,  s u i t  i n t e g r a t e d  check, 

a i r l o c k  depressurization/repressurization, and s e r v i c e  l i n e s  

connec t  i on /d i  sconnec t  ion.  

7.2.3 The EMU w i l l  normally be r e s e r v i c e d  as an  assembly i n  t h e  a i r l o c k .  
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7.2.4 Automatic s e r v i c i n g  and performance checkout of the EMU inc ludes  

regenerations such as O2 and N 2  r e supp ly ,  and t h e  r e g e n e r a t i o n  of  

time dependent Processes, such  as co2 and H20 removal,  heat r e j e c t i o n ,  and 

power s t o r a g e .  

7.2.5 The s e r v i c e  s t a t i o n  w i l l  au tomat i ca l ly  d ry  t h e  s u i t .  

7.2.6 

m i , n l i m i m  hman i n t e r v e n t i o n .  

The e n t i r e  normal s e r v i c i n g  w i l l  be accomplished i n  1 2  hours  wi th  t h e  

7.2.7 A non-standard,  s h o r t  n o t i c e  time TBD, r e s e r v i c i n g  c a p a b i l i t y  s h a l l  be 

provided . 

7.2.8 

i n i t i a l l y  and on 20 EMU r e s e r v i c e s  per week for  the  growth s t a t i o n .  

S e r v i c i n g  c a p a b i l i t i e s  s h a l l  be based on 10 EMU r e s e r v i c e s  p e r  week 

7.2.9 

8060. lb  (58400003) and microbio logica l  contaminat ion  l e v e l s  s h a l l  meet the  

requi rements  of ''STS Microbia l  Contamination Plan" (58400084). 

C l e a n l i n e s s  l e v e l s  of the EMU s h a l l  meet t h e  requiremenJs i n  NHB 

7.2.10 A c a p a b i l i t y  s h a l l  be provided f o r  decontaminat ion  of t h e  EMU af ter  a 

chemical s p i l l .  V e r i f i c a t i o n  of safe contaminat ion  l e v e l s  sha l l  be made. 

7.2.11 The c o o l i n g  garment ( e x t r a c t e d  from t h e  EMU) sha l l  be removed i n  the 

Space S t a t i o n  and washed o r  r ep laced .  
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7.2.12 The EVA s u i t  m u s t  be kept  b i o l o g i c a l l y  and chemica l ly  c l e a n ,  and t h e  

c l e a n i n g  a g e n t  must no t  p re sen t  t o x i c  hazards .  Periodic mic rob io log ica l  

sampling of t he  s u i t  areas w i l l  be performed a t  r e g u l a r  i n t e r v a l s  TBD. 

7.2.13 The Space S t a t i o n  s h a l l  accommodate t he  d i s p o s a l  of EMU waste. The 

c o n t a i n e r s  s h a l l  be e a s i l y  c l eaned  o r  d i sposab le .  

7.2.14 The EMU s h a l l  be capable  of being f u l l y  main ta ined  i n  t h e  Space Sta- 

t ior. .  
. .  

7.3.0 EEU SUPPORT, STOWAGE 

7.3.1 Stowage of  the  E E U ' s  o u t s i d e  t h e  a i r l o c k  is r e q u i r e d  t o  c e n t r a l i z e  t he  

EVA s e r v i c i n g  equipment and t o  l o c a l i z e  t h e  EVA hardware. T h i s  l o c a l i z a t i o n  

a l s o  a l lows  f o r  easier r e l o c a t i o n  of the equipment f o r  f l e x i b i l i t y  f o r  growth 

phases. 

7.3.2 Micrometeoroid p r o t e c t i o n  f o r  t he  s t o r e d  EEU ( s h a l l  be p rov ided) .  

7.3.3 Automatic s e r v i c i n g  and performance checkout  of t h e  EEU i n c l u d e s  

regenerations such as N2 r e supp ly ,  and t h e  r e g e n e r a t i o n  of time 

dependent p rocesses ,  such  as heat r e j e c t i o n  ana power s t o r a g e .  

7.3.4 The Space S t a t i o n  s h a l l  support  recharge of  the  EEU p r o p e l l a n t  by sup- 

p l y i n g  gaseous n i t r o g e n  a t  l eas t  300 x 105 N/m2 (4500 p s i a )  t o  t he  f l i g h t  

suppor t  s t a t i o n .  
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7.3.5 The Space S t a t i o n  s h a l l  provide r e c h a r g e  of t h e  EEU batteries while  

i n s t a l l e d  i n  the  EEU. 

7.3.6 Power f o r  thermal c o n t r o l  (of the EEU) s h a l l  be provided.  

7.3.7 The e n t i r e  normal s e r v i c i n g  w i l l  be accomplished i n  1 2  hours  without  

human i n t e r v e n t i o n .  

7.3.8 A non-standard,  1-hour, r e s e r v i c i n g  c a p a b i l i t y  s h a l l  be provided.  

7.3.9 S e r v i c i n g  capabi l i t i es  s h a l l  be based on 10 EEU r e s e r v i c e s  p e r  week 

i n i t i a l l y  and on  20 EEU r e s e r v i c e s  per week f o r  t he  growth s t a t i o n .  

7.3.10 The Space S t a t i o n  s h a l l  provide s p a r e  par ts  t o  t he  EEU. 

7.3.11 The EFU sha l l  be maintained o u t s i d e  t h e  Space S t a t i o n  t o  a t  l eas t  the  

ORU l e v e l .  

7.4.0 EVA EQUIPMENT 

7.4.1 P r o v i s i o n s  f o r  EVA equipment and s p a r e s  stowage s h a l l  be provided 

i n s i d e  the Space S t a t i o n  and o u t s i d e  t h e  EVA a i r l o c k .  
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7.4.2 Externa l  s t o r a g e  f a c i l i t i e s  w i t h  a p p r o p r i a t e  h a n d r a i l s  and s u p p o r t s  f o r  

work r e s t r a i n t s  s h a l l  provide  f o r  s t o r a g e  of EVA t o o l s  and suppor t  equipment. 

The s t o r a g e  boxes s h a l l  be modularized w i t h  easy  a t t a c h l d e t a c h  c a p a b i l i t y  f o r  

t r a n s p o r t  and works i te  convenience.  

0 

7.5.0 MAINTENANCE 

7.5.1 A f u n c t i o n a l  c a p a b i l i t y  shal l  be provided t o  b r ing  i n t e r n a l l y  l o c a t e d  

O R U ' s  i n t o  t he  p r e s s u r i z e d  work a r e a  t o  conduct maintenance. 

7.5.2 Maintenance and repair  of a l l  E V A  equipment s h a l l  be performed i n s i d e  

t he  Space S t a t i o n  excep t  EEU ORU replacement.  

7.6.0 HYPERBARIC CHAMBER GENERAL REQUIREMENTS a 
7.6.1 One a i r l o c k  shall  have t h e  c a p a b i l i t y  of s e r v i n g  as a hyperbaric  cham- 

ber f o r  two crewmen. 

7.6.2 The hype rba r i c  chamber s h a l l  be of s u f f i c i e n t  s i z e  t o  accommodate two 

crewmen - one p a t i e n t  and one a t t e n d a n t .  

7.6.3 

t o  be extended a t  f u l l  l e n g t h  and r e s t r a i n e d  on a hard  s u r f a c e  s o  t h e  a t t e n -  

dant  s h a l l  have access  t o  a l l  of the  p a t i e n t .  

The hype rba r i c  chamber s h a l l  be of s u f f i c i e n t  s i z e  t o  a l low t h e  p a t i e n t  
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7.6.4 

c l u d e  a mechanical c a r d i a c  massage u n i t  , a cardiac defibrillator/pacemaker, a 

pulmonary v e n t i l a t o r / r e s p i r a t o r ,  and a n  I V  f l u i d  sys t em.  

Large items of equipment t h a t  must be s imul t aneous ly  accommodated in -  a 

7.6.5 Other smaller u n i t s  and k i t s  r e q u i r e d  f o r  examinat ion and t r e a t m e n t  of 

the p a t i e n t  i nc lude  a p h y s i c i a n ' s  " b l a c k  bag" and a trauma t r e a t m e n t  k i t .  

7.6.6 I n  a hype rba r i c  chamber mode, t h e  a i r l o c k  p r e s s u r e  sha l l  be raised t o  

a s  high zs 5.0 atmospheres  above tne  ambient cab in  p re s su re .  

7.6.7 The chamber must be .capable  of a t t a i n i n g  and ho ld ing  t h e  fo l lowing  

p r e s s u r e s  f o r  t h e  fo l lowing  minimum dura t ions :  

- 6 atmospheres  f o r  2 hours  

- 2.8 atmospheres  f o r  4 h o u r s  

- 1.9 atmospheres  f o r  5 hours  

7.6.8 The chamber must be c a p a b l e  of the  fo l lowing  ra tes  of pressure 

i n c r  e as es . 

- Nominal cab in  p r e s s u r e  t o  6 atmospheres a t  a r a t e  of  approximate ly  2 

a tmospheres  per  minute. 
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- Nominal cab in  pressure t o  2.8 a tmospheres  a t  a r a t e  of  0.76 atmospheres  

( 1  1 p s i )  per minute.  

7.6.9 The chamber must be capab le  of the  fo l lowing  rates of pressure 

decreases : 

- 6 atmospheres a t  2 .8  atmospheres a t  a r a t e  of 0.79 atmospheres  (11.6 

p s i )  p e r  minute. 

- 2.8 atmospheres t o  1.9 atmospheres and 1.9 atmospheres  t o  nominal cab in  

pressure a t  a ra te  of 0.03 atmospheres (0 .45 ps i !  p e r  minute.  

7.6.10 The chamber s h a l l  be capable  of one r e c y c l e  from 6 atmospheres  t o  3 

atmospheres  and r e t u r n  t o  6 atmospheres.  

t r ea tmen t  of a pneumothorax i n  which a i r  of 6 a tmospheres  had e n t e r e d  t h e  

chest c a v i t y  and become apparent  only fo l lowing  a decrease i n  chamber pres -  

sure. 

T h i s  requi rement  would app ly  t o  the 

7.7.0 CHAMBER DISPLAYS AND CONTROLS 

7.7.1 Chamber p r e s s u r e  sha l l  be au tomat i ca l ly  c o n t r o l l e d  w i t h  manual o v e r r i d e  

c o n t r o l s  bo th  i n s i d e  and o u t s i d e  t h e  chamber. 
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7.7.2 To ta l  p r e s s u r e ,  oxygen par t ia l  p r e s s u r e ,  oxygen p e r c e n t ,  carbon d i o x i d e  

p a r t i a l  pressure, and t empera tu re  sha l l  be con t inuous ly  monitored and d i s -  

p layed  both i n s i d e  and o u t s i d e  t h e  chamber. Out-of- tolerance va lues  s h a l l  be 

i n d i c a t e d  by both v i s u a l  and a u d i t o r y  s i g n a l s .  

7.7.3 Elapsed and i n t e r v a l  time s h a l l  be d i s p l a y e d  both  i n s i d e  and o u t s i d e  

t h e  chamber i n  accordance  w i t h  accepted  h y p e r b a r i c  o p e r a t i o n a l  procedures .  

7.7.g The a i r i o c k  c o n t r o l s  and d i s p l a y s  sha l l  inc lude  biomedical  moni tor ing  

of heart r a t e  ( E K G ) ,  blood p r e s s u r e ,  body tempera ture ,  blood g a s  l e v e l s  ( v i a  

aud io  moni tor ing  or blood sample), and b r a i n  wave r eco rd ing  ( E C G ) .  

. .  

7.8.0 CHAMBER LIGHTING 

7.8.1 The g e n e r a l  l e v e l  of i l l u m i n a t i o n  w i t h i n  the chamber s h a l l  be 50 

foo tcand les .  

7.8.2 

b l e  f o r  i l l u m i n a t i n g  s e l e c t e d  areas. 

Supplemental  l i g h t i n g  with a l e v e l  of 200 f o o t c a n d l e s  s h a l l  be a v a i l a -  

7.9.0 M O N I T O R I N G  AND COMMUNICATIONS 
I 

7.9.1 Video moni tor ing  of  the chamber s h a l l  be provided t o  g i v e  o u t s i d e  
. .  

close-up v i s u a l  access t o  t h e  anatomical  p a r t s  of t h e  p a t i e n t .  
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7.9.2 

t h e  chamber. 

Video cameras s h a l l  be adjustable  and remote ly  c o n t r o l l e d  frcm o u t s i d e  

7.9.3 A window s h a l l  be a v a i l a b l e  f o r  v i s u a l  access t o  the  i n s i d e  of  t h e  

chamber f o r  back-up moni tor ing  c a p a b i l i t y .  

7.9.4 A l l  v ideo  images s h a l l  be capable of be ing  down-linked t o  ground ob- 

s e r v e r s .  

7.9.5 Three lead  E K C ' s  s h a l l  be a v a i l a b l e  f o r  p a t i e n t  e l e c t r o c a r d i o g r a p h i c  

monitor ing.  The EKG waveform s h a l l  be d i sp layed  both  i n s i d e  and o u t s i d e  the 

chamber and s h a l l  be capab le  of  being down-linked. 

0 7.9.6 

a i r l o c k  s e r v i c e  area s h a l l  be provided f o r  pas s ing  medica t ion ,  food ,  and 

water. 

A pass-through a i r l o c k  between t h e  h y p e r b a r i c  chamber a i r l o c k  and the  

7.10.0 CHAMBER ATMOSPHERE COMPOSITION AND BREATHING G A S  PROVISIONS 

7 * 1 0 0 1  The O2 c o n c e n t r a t i o n  sha l l  not exceed 30% f o r  02 t o x i c i t y  r easons .  

7.10.2 The chamber sha l l  be p res su r i zed  wi th  compressed a i r  f o r  a l l  p r e s s u r e s  

and procedures .  

7.10.3 Brea th ing  oxygen (and m a s k s )  s h a l l  be provided  f o r  bo th  t h e  p a t i e n t  

and the  a t t e n d a n t .  
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7.10.4 A 7-hour oxygen supp ly  s h a l l  be a v a i l a b l e  f o r  t he  p a t i e n t  f o r  each 

t r ea tmen t  t a s k .  

7 * 1 0 * 5  . .  . A '2 supp ly  sha l l  be a v a i l a b l e  f o r  the  a t t e n d a n t  f o r  a l l  

o p e r a t i o n s .  

7°10 .6  A 2-hour supply  of n i t r o x  (50% N2; 50% 02) s h a l l  be a v a i l a b l e  for 

p a t i e n t  b r e a t h i n g  ( v i a  mask)  when the  chamber is be ing  ope ra t ed  a t  6 atmos- 

pher es . 

7.11.0 CHAMBER TEMPERATURE 

7.11.1 The normal o p e r a t i n g  tempera ture  sha l l  be 75O-80". Degraded o p e r a t i n g  

t empera tu re  shal l  be 70°-90°. 
0 

7.11.2 The tempera ture  i n  the  chamber fo l lowing  p r e s s u r i z a t i o n  s h a l l  no t  

exceed 1 20°F. 

7.11.3 Following p r e s s u r i z a t i o n ,  t h e  chamber t empera tu re  s h a l l  be reduced 

from the  maximum t o  degraded 0perat i r .g  t empera tu re  r ange  wi th in  15 minutes  and 

t o  t h e  nominal o p e r a t i n g  range  w i t h i n  30 minutes .  

7.11.4 The chamber t empera tu re  s h a l l  no t  decrease below 70°F as a r e s u l t  of 

r educ ing  chamber pressure. 
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7.11.5 Following a r e d u c t i o n  i n  chamber pressure, t h e  chamber t empera tu re  

sha l l  be r e t u r n e d  t o  the  normal ope ra t ing  r ange  wi th in  15 minutes .  
,. 
I 

7.12.0 SAFETY 

7.12.1 The oxygen percentage  i n  t h e  chamber atmosphere s h a l l  no t  exceed 30% 

t o  be compat ib le  w i t h  f i r e  s a f e t y .  

7.12.2 Sapid  emergency EVA egress sha l l  be p o s s i b l e  w i t h  minimal EMU func- 

t i o n a l  checkout .  

7.12.3 The nominal rate of  d e p r e s s u r i z a t i o n  and p r e s s u r i z a t i o n  exper ienced  by 

the  crewman i n s i d e  t h e  EMU s h a l l  not  

7*  2. ' The "2 c o n c e n t r a t i o n  w i t h i n  

lowed t o  exceed 7.6 t o r r  f o r  nominal 

exceed .1  p s i / s e c .  

t h e  chamber atmosphere s h a l l  no t  be 

o p e r a t i o n s  o r  1 5  t o r r  f o r  emergency 

a l -  

o p e r a t i o n s .  

7 '12*5 . .  

l y  t h a t  O f  c ab in  a i r ,  21% 02 and 79% N ~ ,  

The '2:N2 r a t i o  w i t h i n  t h e  chamber s h a l l  be main ta ined  a t  approximate- 

7.13.0 AIRLOCK LIGHTING 

7.13.1 F l o o d l i g h t s  s h a l l  be provided t o  a i d  EVA crew v i s i b i l i t y  i n  areas of 

h igh  EVA a c t i v i t y  such  as the  a i r l o c k .  
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7.14.0 AIRLOCK COMMUNICATIONS 

7.14.1 The a i r l o c k  s h a l l  have w i r e l e s s  vo ice  communications t ha t  s h a l l  be 

capable of being down-linked. 

7.15.0 DATA 
. .  

7.15.1 The s e r v i c e  data of E V A  equipment s h a l l  be r e t a i n e d  by t h e  data s y s -  

tem. Performance t r e n d  d a t a  s h a l l  be used t o  d e f i n e  t h e  need f o r  maintenance 

of the  EMU and EEU. 

7.16.0 EQUIPMENT A I R L O C K  

7.16.1 An equipment a i r l o c k  s h a l l  be provided f o r  t h e  t r a n s f e r  of t o o l s ,  

par ts ,  and equipment without  u s ing  the  EVA a i r l o c k .  

7.16.2 The equipment a i r l o c k  can b e ' l o c a t e d  a t  any convenient  l o c a t i o n  on the 

Space S t a t i o n .  

7.17.0 ECLSS INTERFACING 

7.17.1 The ECLSS s h a l l  suppor t  t h e  c a p a b i l i t y  t o  s e r v i c e  and checkout the  

r e g e n e r a t i v e  EMU w i t h i n  the  a i r l o c k s .  

t he  EEU. 

The ECLSS s h a l l  a l s o  suppor t  s e r v i c i n g  
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7.17.2 Life-support  umbilical connectors  s h a l l  be a v a i l a b l e  o u t s i d e  t h e  

p r e s s u r i z e d  compartments t o  allow umbil ical-supported EVA opera t ions .  

7.17.3 Checkout f u n c t i o n s  provided by t h e  ECLSS s e r v i c e  equipment,  which a r e  

cons ide red  c r i t i c a l  f u n c t i o n s  f o r  EVA equipment o p e r a t i o n s ,  s h a l l  be cont inu-  

o u s l y  v e r i f i a b l e .  
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